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BACTO-THROMBOPLASTIN 


for Prothrombin Time Determinations of Blood 


A stabilized desiccated rabbit brain substance of uniformly high 
thromboplastic potency applicable to all prothrombin time procedures 
using blood or whole or diluted plasmas. It is especially recommended 
for use in following prothrombin activity in patients on dicumarol 
therapy. 

Bacto-Thromboplastin is distributed in ampuls containing sufficient 
material for the preparation of approximately 3.5 ml. of thromboplastin 
extract. It is available in packages of six ampuls. 


BACTO-CEPHALIN CHOLESTEROL ANTIGEN 


for the Hanger Flocculation Test 
An approved stable reagent for use in the Hanger Flocculation Test 
for determining the index of disturbance of the liver parenchyma. 


Bacto-Cephalin Cholesterol Antigen is distributed in packages of six 
units, each unit containing the required amount of reagent to prepare 
5 ml. of stock ether antigen solution and 150 ml. of final test antigen. 


BACTO-THYMOL TURBIDITY REAGENT 
and KINGSBURY STANDARDS 


for the Maclagan Thymol Turbidity Test 
A standardized buffered thymol reagent recommended for use in the 


Maclagan Thymol Turbidity Test for indicating hepatic parenchymal 
impairment. Kingsbury Standards are also available. 


Bacto-Thymol Turbidity Reagent is distributed in packages of six 
bottles of 25 ml. each. 


PHENOLSULFONPHTHALEIN AMPULS, DIFCO 


for Renal Function Test 


A sterile aqueous solution of the monosodium salt of Phenolsulfon- 
phthalein standardized for parenteral use in renal function determina- 
tions. It is available in packages of 10 ampuls of | ml. each. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 41552°2 
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AMES DIAGNOSTIC 
REAGENT TABLET 


MINTEST 


for detection of albumin in urine [iy, 











For office, laboratory or bedside determination of 


clinically significant albuminuria, Bumintest (Brand) 4 
Reagent Tablets have these advantages: 2 
¢ test is quick + noncaustic-noncorrosive b 
0 no heat required + inexpensive : 


reliable 





ASS 


A modification of the well-established sulfosalicylic acid 
method, the amount of albumin present is estimated : 
by the degree of turbidity. a ! 


For the rapid and more convenient performance of basic 
diagnostic tests without heating or special equipment, 
Bumintest (Brand) Reagent Tablets now join 


ge eppamee 'c 
BS 5 oR 
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ACETEST for detection of acetone 
CLINITEST for detection of urine-sugar 


HEMATEST for detection of occult blood 
Acetest, Bumintest, Clinitest, Hematest, Reg. Trademarks. 7, 


Boa Seas a 


SS ee 


AMES COMPANY, INC * ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 





aca 


iste 


HE 


in. Med. 
Jour. of Lab. & Clin. M 15 EA 





- 
tad ee 
. 
. 


portee, 





AA 4 bssghanaet 


‘. 
"ai 





H . ° 

+ ee eo? 
", ‘oanee 
Yeasee’ 





“active displacement” that does it 


Not only does the Autotechnicon relieve the laboratory 
staff of the tedious task of processing tissues ‘‘by hand,” 
but it also completes the chosen technique faster, more 
thoroughly, more uniformly, more dependably. The Auto- 
technicon is versatile . . . it fixes, dehydrates, washes, 
stains .. . delivers beautifully finished tissues ready for 
diagnosis.. 


And because it needs ino human intervention, it knows no 


“‘working day."’ To-day’s tissues, processed overnight 
the Autotechnicon is by your own technique, will be waiting for you in the 


A brochure describing 


available on request. 


morning. 


Trode Mork Registered U S Potent Of 
automatic tissue processing 
by any histologic technique 


HE TECHNICON COMPANY 


d. 
“B15 EAST 149th STREET © NEW YORK 51, N.Y. 
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2 _TEST TUBE HOLDER 2 
Simplifies direct measurement o | 


: f 
in round test tubes — 


A metal carriage rigid! 
from 10 mm to 25 mm a” 
Special lightproof housing 
accommodates the variou 
tubes and allows exact rel 
horizontally, 
An accessory 
beakers interc 
riage. 


holds test tubes 
) in diameter in 
A single holder 
S sizes of test 
ocation of tubes 
ind rotationally, 
ermits use of 2” 
in the same car. 


vertically a 
unit also p 
hange: oly 


Designed for oi| chemistry; 
analyses; clinical and medical 
and many other routine uses 


Vitamin “A” 
applications; 


BECKMAN “E 
SPECTROPHOTO 


Long the standard research spectrophoto- 
meter for ultraviolet, visible and near-infrared — 
measurements, the Beckman “DU” assumes 
even greater usefulness through the development 
of new accessory equipment. 

Most recent additions to the diversified 


line of accessories are the four described at right. iy se 
Detailed information on these and other acces- hye 
sories will be gladly sent on request. Beckman 
Instruments, National Technical Laboratories, 


South Pasadena 43, Calif. 
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pH Meters and Electrodes — Spectrophotometers 
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Experience and 


intensive research 


bring you 
Markham 


Diagnostic Biologicals 


The Markham Diagnostic Biologicals... virus antigens and anti-sera 


... bacterial antigens and anti-sera ... serological accessories includ- 


ing preserved sheep cells are now available for more exact con- 


firmatory diagnosis. Each product is prepared to the highest standards 


and is fully guarantéed as to specificity and titre. 


i ill iam ini aati 


Standard Technique 
With virus antigens, the prin- Virus Antigens 
Anti-Viral Sera 


Eastern Equine 
Encephalomyelitis 


ciples of the well known 
complement-fixation tech- 


Western Equine 
Encephalomyelitis 


nique are employed. The 


rapid slide or the macro- saline a 


scopic test tube method is Influenza ‘'B’ 


used with bacterial antigens Lymphocytic Choriomeningitis 
Lymphogranuloma Venereum 
and anti-sera. Each vial is Nianins, Spldineic: Nanette 
Psittacosis-Human 
Pneumonitis Group 


furnished with complete di- 


rections including suggestions St. Lovie Encephalitis 


for interpreting results. Rabies 


Serological 


FREE . 
Accessories 


BIOLOGICAL 
CATALOG 


Write for your free copy 
of complete catalog on 
Markham Diagnostic 
Biologicals No. 201. 


Amboceptor, Anti-sheep 
Hemolysin 

Guinea Pig Complement 

Washed Standardized 
Sheep Cells 


Us i Cl 
ee nal 


Bacterial 
Antigens 

Brucella Abortus 
Brucella Melitensis 
Paratyphoid A 
Paratyphoid B 
Tularense 

Typhoid, H and O 
Preserved Sheep Cells 
Proteus OX19 


Anti-Bacterial Sera 
Brucella Abortus 
Brucella Melitensis 
Paratyphoid A 
Paratyphoid B 
Tularense 

Typhoid, H and O 


Klebsiella pneumonia, 
Friedlander bacillus 





Ge Se aloe company Serving Science Since 1860 
1831 Olive St + St Louis, Mo. 










































































WRITE for your copy of this conveniently 
indexed booklet which details AMERICAN’S 
complete line of serums and serum acces- 
sories. You'll find it a valuable source of 
reference. It’s yours with our compliments. 


Au] PLAN WITH AMERICAN 
me) ... the first name in hospital supplies 


AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES e EVANSTON, ILLINOIS 
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International Refrigerated Centrifuge 


4 Centrifugation under controlled tempera- 
Mures at or well below 0° C. offers new possi- 
dilities to the biochemist. The cancer program 
4 virus investigations — poliomyelitis research 
4 enzyme research —low temperature solvent 
j ractionation—all have benefited by the use of 
; is new research tool. Countless other appli- 
: ations are waiting the guidance of the research 
ecientist. 
& The International Portable Refrigerated 
entrifuge, Model PR.-1, is now equipped 


with a larger capacity compressor. Centrifuge 
speeds and capacities remain unchanged, but 
much lower controlled temperatures are now 
possible. For example, with six 100 ml. tubes 
at 5000 r.p.m., temperatures as low as -15° 
i. can be maintained; with four 250 ml. 
bottles at 2600 r.p.m., -8° C.; with four 
25 ml. tubes at 18,000 r.p.m., _e. 


Here is a scientifically designed research 
instrument definitely worth investigating. 


Write for descriptive Bulletin RC, 1949. 


INTERNATIONAL EQUIPMENT COMPANY 


Boston 35, Massachusetts 











PARAGON LABORATORY CLEANER 


is a detergent cleaner especially designed to the needs of the 
modern laboratory. 


PARAGON LABORATORY CLEANER is a combination of sev- 
eral chemicals, each having a specific use in cleaning problems. 
What one will not do, the other will. 


PARAGON LABORATORY CLEANER contains no soap; leaves 
no dulling scum; gives abundant suds in hard or soft water; is 
equally effective in hot or cold water; no wiping or towelling 
necessary, rinse water flows off; leaves gleaming clean articles 
without water spotting. 


PARAGON LABORATORY CLEANER has been developed for 
the laboratory: it is easy to use; simply soak articles in hot or 
cold water. Dirt, grease, grime, stains and incrustations float 
away. 


PARAGON LABORATORY CLEANER besides its many uses 
such as cleaning of glassware, porcelain ware, soapstone ware, 
iron ware, tile and painted walls, floors, slop sinks, toilet bowls, 
shelves, closets, etc., also has a new special use in cleaning used 
slides. No time wasted in boiling slides to get them clean. No 
more corroded, etched or scratched slides, simply allow the used 
slides to soak in Paragon Laboratory Cleaner solution for a short 
time, rinse in water and they are ready for re-use. 


Convince yourself of the merits of Paragon Laboratory Cleaner 
by sending for a 1 ounce sample sufficient to make 1 gallon of 
cleaning solution. 


PARAGON LABORATORY CLEANER is packed only in handy 
boxes containing 3 lbs. 


PCS00 Box (8 lbs.) . - . . . . $100 
Carton (24 x 3 lb. boxes) ~ - $20.40 (85¢ per box) 


Prices: F.O.B. New York, New York, subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. CO., INC.—2540 Belmont Avenue — New York 58, New York 
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big 


announces the availability of 


TROMEXAN 


(brand of ethyl biscoumacetate) 


to qualified investigators 


TROMEXAN, a new synthetic oral anticoagulant, has been tested exhaus- 


tively by European investigators with most encouraging results, 


In the United States preliminary studies conducted at Cornell Uni- 
versity-New York Hospital Medical Center have confirmed certain 
favorable clinical features of TROMEXAN.' A more favorable potency- 
toxicity ratio, greater promptness of action, and absence of cumulation 
have been noted as cardinal characteristics. The Cornell studies have 
been extended to several leading medical centers under the auspices of 
the Committee on Anticoagulants of the American Heart Association. 


Increasing availability of supplies now permits the Geigy Co., Inc. to 
furnish TROMEXAN to other qualified investigators who have adequate 
laboratory and clinical facilities to undertake rigidly controlled studies. 


Clinicians and institutions 


desirous of purchasing TROMEXAN for investigation under Food and 
Drug Administration regulations are invited to communicate with our 
Clinical Research Department. 


1. Burke, G. E., and Wright, I. S.: Bull. New York Acad. Med. 26:264, (April) 1950. 


GEIGY COMPANY, INC. 
Pharmaceutical Division, 89-91 Barclay Street, New York 8, N. Y. 














ANTI-HUMAN SERUM (rabbit) 
for the Anti-Globulin Test (Coombs’) 


a $5.00 en 


$7.00 a $15.00 


ANTI-Rh SERUM 


Anti-Rh, (85% Positive) 
For agglutination Tube Test Method 


Anti-Rh’ (70% Positive) 
For agglutination Tube Test Method 


Anti-Rh” (30% Positive) 
For agglutination Tube Test Method 


Anti-Hr’ Serum 
For agglutination Tube Test Method 


PRICES 
For agglutination serum 
eee $5.00 
en a 
| ee ee eee 17.50 





Anti-Rh, (85% Positive) 

For conglutination Slide and Rapid 
Tube Test Method 
Anti-Rh,’ (87% Positive) 

For conglutination Slide and Rapid 
Tube Test method 
Anti-Rh,” (85.5% Positive) 
For conglutination Slide and Rapid 
Tube Test method 


Anti-Hr’ Serum 
For conglutination Slide and Rapid 
Tube Test method 


PRICES 
For conglutination serum 
Set Settle 2. ............... ae 
Tee agabtincd 10.00 


CERTIFIED BLOOD DONOR SERVICE 


146-16 Hillside Ave. 


Jamaica 2, New York 
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Reagents for the Serologic Diagnosis of Syphilis 





SHEEP CELLS (25% Suspension) 
In Preservative 


PT Re ae eT vial $1.50 
eT bottle 3.50 


Sheep cells guaranteed for one 
month from date of shipment. 


ANTI-SHEEP HEMOLYSIN 
50% Glycerine 


oeoee eee eee e eee eee eee eeee 


ee oe ee oe ee ee ee ee ee re ee 





LYOPHILIZED GUINEA PIG 


COMPLEMENT 
3cc bottle with diluent...... $2.25 
7cc bottle with diluent...... 4.50 
20cc bottle with diluent...... 12.00 


KOLMER ANTIGEN 
(New Improved) 


eee ee ee ee a ee ee ee ee 
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CERTIFIED BLOOD DONOR SERVICE 


146-16 Hillside Ave. 


Jamaica 2, N. Y. 
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POTENT 


Anti-Anemia Factor 


Pure, Crystalline Compound 





First isolated in the Research 
Laboratories of Merck & Co., 
Inc., Crystalline Vitamin By, in 
microgram dosage produces 
maximum hematologic and 
neurologic effects. 
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Crystalline Vitamin By is a 
TYPICAL HEMATOLOGIC pure anti-anemia factor—effec- 
RESPONSE OF PERNICIOUS tive and well tolerated in pa- 
tients sensitive to liver extracts 
and concentrates because it 
contains no deleterious foreign 
or extraneous matter. No tox- 
icity has been encountered. 
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an 


ANEMIA IN RELAPSE 


Ld 
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wn 


RETICULOCYTES, PERCENT 
N 
3° 


" It can be injected either sub- 
cutaneously or intramuscularly 
without causing pain or indu- 
ration. 


ERYTHROCYTES, MILLIONS PER CMM, 


- 
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0 4 8 12 16 20 24 28 32 36 40 44 4B The low price makes Cobione* 
CRYSTALLINE most economical. 
DAYS AFTER 
VITAMIN Bi2 t t i * 4 
TREATMENT 





25 MICROGRAMS 


MERCK & CO., INC. 
*Cobione is the registered trade-mark of Manufactu ring Chemists 
Merck & Co., Inc. for its brand of 


Crystalline Vitamin By». 
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Uheileostanil a Through . = Psychiatry 
SOVIET PSYCHIATRY 


By Joseph Wortis, M.D. 


Assistant Clinical Professor of Psychiatry, New York University Medical College; 
Assistant Visiting Neuropsychiatrist, Bellevue Hospital 


HOW DO THE RUSSIANS HANDLE— 


alcoholism, 

juvenile delinquency, 
neuroses and psychoses, 
psychosomatic disorders, etc. ? 


How closely does Russian psychiatry adhere to Marxian teachings and the prin- 
ciples of dialectical materialism ? 
What is the typical daily life of the ordinary worker-citizen of a Soviet state? 


These and many similar questions leap to mind when we consider the enigma 
that is Russia. 

Dr. Wortis, American psychiatrist, set himself the task of digging out the 
answers. He found information scant and scattered—found no one book, even in 
the Russian language, that correlated the facts. Feeling that a hostile or even a 
strictly neutral approach might prove sterile, he presents his findings in a spirit of 
sympathetic interest, and includes translations of many contemporary Russian 
writings. 

Political tension has made all things Russian the subject of unusual interest. 
You who feel strongly, either for or against, need to learn all you can about this 
little-understood country. Russian thought and Russian terms, as presented by 
Dr. Wortis, may fall strangely on your ears; but the facts are here. You cannot 
fail to be fascinated and—preserving the scientific temper as you read—widely 
informed. Whether your interest is in psychiatry or in general information, 


SOVIET PSYCHIATRY has much to impart that you will want to learn. 


329 pp. FRONTISPIECE $5.00 





THE WILLIAMS & WILKINS COMPANY 
25th Anniversary Year 1925-1950 
Mt. Royal and Guilford Aves. Baltimore 2, Maryland 


Please send “Soviet Psychiatry,” $5.00 


Name -_ 


Address _ 
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PIPETTES... 





Quickly readable, 
unaffected by 













repeated sterilization 






Clinical research makes many demands on the tech- 
nicians in charge. Speed is one of them. But speed 
without accuracy avails nothing. That's why PYREX 
brand Pipettes are designed for easy readability. The 
“Lifetime Red’’ graduations are permanent, part of the 
pipette body itself. ‘‘Lifetime Red’’ will not wear or 
chip off in long service. Tips are fabricated to give 
maximum protection from chipping. 

Made from PYREX brand glass No. 7740, they with- 
stand repeated sterilization (wet or dry). They are un- 
affected thermally or chemically by any of the methods 
normally employed in laboratories where sterilization 
is a major factor in routine or in specialized work. 

The measuring and serological types more than meet 
the tolerances of Federal Specification D.D. V-581 in 
regard to accuracy limits. When you call your labora- 
tory supply dealer, ask for PYREX brand Pipettes! 





















Stocked by Leading Laboratory Supply Houses 





CORNING GLASS WORKS ° CORNING, N. Y. 
LABORATORY GLASSWARE 


TECHNICAL PRODUCTS DIVISION: LABORATORY GLASSWARE « SIGNALWARE « GLASS PIPE « GAUGE GLASSES « LIGHTINGWARE « OPTICAL GLASS « GLASS COMPONENTS 
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PENICILLIN—Its Practical Application 


New Second Edition. Great advances in knowledge and experience of penicillin since 1946 
have made this revision inevitable. The material covers all branches of medicine. Regard- 
less of one’s interest or specialty, it is an important book to own for the potentialities of 
penicillin are clearly declared with the full weight of authority. All collaborators have 
rewritten their chapters in the interests of uniformity and the dosages of penicillin have 
been standardized. 

Under the general editorship of SIR ALEXANDER FLEMING, M.B., B.S., : 

F.R.C.P., F.R.C.S., F.R.S., Professor of Bacteriology in the University of by 

London, St. Mary’s Hospital, London. 471 pages, 63 illustrations. $7.00 


Candiography 


New! Prepared as a guide for students preparing for qualifying or higher examinations 
in medicine, the book will be equally useful to medical staffs in hospitals and to the prac- 
titioner in understanding the findings communicated to them regarding patients with heart 
disease. Experimental details have been included only where they are necessary to explain 
or emphasize certain clinical findings. 

By WILLIAM EVANS, M.D., D.Sc., F.R.C.P., Physician to the Cardiac De- 

partment of the London Hospital. 140 pages, 211 illustrations. $6.75 


ANKYLOSING SPONDYLYTIS 


New! Treatment of this disease in all of its stages is presented with accent on hope and 
confidence for those who cling to the attitude of pessimism which has hitherto characterized 
medical writings on the subjects. Part I deals with the recognition of the disease and its 
treatment by all means short of surgery. This section was written by F. Hernaman-Johnson, 
a physician with special knowledge of radiology. Part II was written by W. Alexander Law, 
an orthopedic surgeon with a particular interest in spondylytis. He presents the recent 
surgical procedures which bring new hope to the former “hopeless cases.” 

By F. HERNAMAN-JOHNSON, M.D., F.F.R., D.M.R.E., Physician to the 

“iam Rheumatism Clinic; and W. ALEXANDER LAW, O.B.E., M.D., 


F.R.C.S., Assistant Surgeon, Orthopaedic Department, the London Hospital. 
200 pages, 41 illustrations. $6.50 
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FRACTURES OF THE LONG BONE > 


New! A complete account of the pathology of fractures and changes which take place during 
the course of healing is presented. A lengthy discussion of the structure and physiology of 
the bone which should help to clarify this subject, is also included. An extensive bibliography 
is provided, and excellent microphotographs which show the changes at all stages of the 
fractured bone. 


By KENNETH W. STARR, O.B.E., E.D., M.B., Surgeon, Sydney Hospital, 
New South Wales, 260 pages, over 100 illustrations. $9.00 


Vanicose Veins 


New! Varicose veins are important not only to the individual—they are a national problem. 
There are several million sufferers, and the total number of man-hours lost in industry alone 
from phlebitis and ulceration is extensive. Dr. Foote asserts that many patients can be re- 
lieved and a higher percentage of patients can be cured. The busy practitioner will find this 7 
book particularly valuable for the practical descriptions of treatment. P. 


By R. ROWDEN FOOTE, Honorary Surgeon-in-Charge, Varicose Vein Depart- 
ment, Harrow Hospital, London. 266 pages, 181 illustrations. $8.00 Be S] 
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A COMPARATIVE STUDY OF HUMAN CUTANEOUS REACTIVITY 
TO THIOMERIN AND OTHER MERCURIAL DIURETICS 


ARTHUR RuskKIN, M.D., HASKELL Rasinowirz, M.D., AND MICHEL DAMIANI 
GALVESTON, TEXAS 


HE new mercurial diuretic, mereaptomerin sodium (Thiomerin sodium, 

Campbell) has already been shown to have a much lower toxicity from the 
cardiac standpoint than any of the mercurial diuretics in present use. Lehman 
in one of his original contributions! noted the depressive effect of Thiomerin on 
intraventricular conduction in eats to be less than go that of Mereuhydrin 
(meralluride), the least toxic of the commonly used mercurials. Likewise, in 
the isolated perfused rabbit heart it required Thiomerin dosages more than 200 
to 500 times those of Mereuhydrin (meralluride) and more than 1,000 to 1,500 
times those of Mereuzanthin (mereurophylline injection) and Salyrgan-theo- 
phylline (mersalyl-theophylline) for the same cardiotoxic and cardiolethal 
effects.” 

On the other hand, the diuretie effect is unimpaired by the substitution of 
sodium mereapto acetate for theophylline in the Mercuzanthin molecule, even 
when it is used subeutaneously.**© The advantages of subcutaneous over in- 
travenous administration are ease of administration, lessened cardiotoxicity, and 
prolongation of effect. In spite of claims to the contrary, Salyrgan-theophylline, 
Mereuzanthin, and Mercuhydrin, in the opinion of most cardiologists, may cause 
marked subcutaneous (e.g. perivenous) irritation, with the formation of tender 
nodules and even sterile abscesses in some instances. Thiomerin, on the other 
hand, has caused tenderness and nodules on proper subeutaneous administration 
(not into fatty or edematous areas) only in a small minority of cases.*° The 
thiol linkage is, thus, clinically superior to the theophylline combination’ in 
decreasing local, as well as general, toxicity of organic mercurials. 

Comparison of subcutaneous, effects in albino mice of Mercuzanthin, Mercu- 
hydrin, and Thiomerin has proved conclusively that Thiomerin caused no 
gross lesions, in contrast to the other two mercurial compounds which produced 
necrotic reactions in every instance.* Intramuscular injections in rats likewise 
caused a greater and more lasting inflammatory response from Mereuzanthin 
and Mereuhydrin than from Thiomerin.* 

The purpose of this study was to evaluate comparative local toxic actions 
of Mereuzanthin, Salyrgan-theophylline, Mereuhydrin, and Thiomerin in the 
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human skin. Jt was felt that, while animal experimental results were un- 
equivocal, clinicians should rely more on the results of intracutaneous and sub- 
cutaneous tests in human subjects in the evaluation of local and general toxic 


effects. 
METHOD 

Fifty-three white human subjects with light skins were chosen for the intracutaneous 
tests. In every case 0.1 ¢.c. each of Mercuzanthin, Salyrgan-theophylline, Mercuhydrin, 
Thiomerin, and normal saline was injected intracutaneously with separate tuberculin syringes 
and gauge 26 needles, at wide intervals along the arms. The reactions were observed im- 
mediately, at eight, twenty-four, and forty-eight hours, and until clearing thereafter. At 
twenty-four and forty-eight hours, the exact spatial extent of erythema, whealing, papulation, 
vesiculation, necrosis, and vascular extravasation were noted by direct measurement in milli- 
meters. Suitable flash bulb photographs were obtained in representative cases in black and 
white and color at the time of maximum effect—usually twenty-four hours, 

Furthermore, Thiomerin injections (same lot), 1 ¢.c. each, were made subcutaneously 
in the upper arm in fifty nonedematous subjects, avoiding direct fat infiltration by pinching 
up the skin. Twenty-five patients were injected similarly with Mercuhydrin and twenty-five 
with saline. The subjects were observed at the same intervals for local and systemic in- 
flammatory effects. 

RESULTS 


Fleeting erythematous flares and wheals were not uncommon soon after the 
intradermal injections of any of the five substances. The erythematous and 
other reactions began to be stabilized after six to eight hours and usually 
reached their maximum in twenty-four hours. The only exception was that 
necrotic and ecchymotic manifestations developed much more slowly and reached 
their maximum in forty-eight hours. The following readings were always made 
at twenty-four hours for comparative purposes. They are summarized in 


Table I. 


Intradermal Tests.— 

Erythema: (a) Depth of color, graded by the same observer I to III, was 
the first distinctive criterion. All necrotic or ecchymotic areas fell into class 
III. Mereuzanthin intradermal injections presented some degree of erythema 
in forty-one of fifty-three patients at twenty-four hours. The corresponding 
figure for Salyrgan-theophylline was thirty-eight, for Mereuhydrin thirty-eight, 
for Thiomerin nine, and for saline six. (b) Eatent of erythema was noted to 
be up to 10 mm. diameter in twenty-four and 11 to 20 mm. or more in fourteen 
more Merecuzanthin injections. The corresponding figures for Salyrgan-theo- 
phylline were twenty-nine and nine, for Mercuhydrin twenty-seven and eleven, 
and for Thiomerin nine and zero cases (all less than 10 mm.). All the saline 
erythemas were 5 mm. or less in diameter. The erythemas disappeared in the 
majority (six) of Thiomerin injections and in a minority of the other mereurial 
tests by forty-eight hours. 

Papulation: Papules, elevated at most 1 to 2 mm., resulted in thirteen of 
fifty-three Mereuzanthin, eleven Salyrgan-theophylline, fourteen Mercuhydrin, 
and only two Thiomerin injections. None resulted from saline. The diameters 
of the Thiomerin papules varied from 1 to 4 mm., and they disappeared in 
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forty-eight hours, as opposed to the papules due to other mercurials which were 
from 3 to 22 mm. wide and remained up to six days (e.g. one Mereuzanthin and 
two Mercuhydrin cases, six days). 


Whealing: Infiltrations up to 10 mm. in diameter occurred in thirty-seven 
Mercuzanthin, twenty-six Salyrgan-theophylline, twenty-three Mereuhydrin, 
eight Thiomerin, and four saline injections. The corresponding figures for 11 
to 20 mm. wheals were seventeen, three, two, zero, and zero. All the Thiomerin 
wheals disappeared in forty-eight hours. The other mercurial wheals frequently 
remained for longer periods. 


Vesiculation: 


Top vesicles developed on the erythematous, papular, or 


whealing lesions in eight Mereuzanthin, five Salyrgan-theophylline, three Mereu- 


hydrin, and two Thiomerin injections of the total fifty-three for each. 


developed in the saline controls. 


disappeared in forty-eight (one) and seventy-two (one) hours. 


None 


All exeept the Mercuzanthin vesicles measured 
only up to 3 mm. in diameter. The Thiomerin vesicles, unlike most of the others, 











RUSKIN, RABINOWITZ, AND DAMIANI 


Necrosis: Dark gray to black areas developing in the center of the other 
reactions, often accompanied by apparent blood extravasations, occurred in six 
of fifty-three Mereuzanthin and one of fifty-three Mereuhydrin injections. The 
Mercuzanthin necroses appeared (three) or increased (three) at forty-eight 
hours, remained constant for many days, and left small pigmented areas for 
weeks. Neither Salyrgan-theophylline nor Thiomerin or saline intradermal in- 
jections caused any gross visible necrosis or pigmentation. Though no gross 
necroses resulted except in one subject, Mercuhydrin injections occasionally left 
small (2 to 3 mm.) pigmented areas around the injection site. 

Tenderness: Tenderness of the. intradermal lesions at twenty-four hours 
was present in twenty of fifty-three Mercuzanthin injections (moderately severe 
in five), twelve Salyrgan-theophylline, eight Mereuhydrin, and none of the 
Thiomerin or saline tests. Thiomerin, much less often than other mercurials, 
caused minor degrees of local burning, which subsided in a few seconds or 
minutes; tenderness, when exceptionally present, did not last more than a few 
hours. Not infrequently, the necrotic and papular lesions of mercurials other 
than Thiomerin remained slightly tender for many days. 

Summary of Intracutaneous Tests: Table II places the four drugs used in 
grades I (mildest over-all reactions) to IV (severest over-all reactions) for the 
fifty-three subjects, based on gradations from erythema and whealing to papula- 
tion, vesiculation, and necrosis. It will be seen that Thiomerin predominated 
among grade I or no reactions, whereas the reactions of the other drugs were 
seattered through the four classes. 


TABLE II. OVER-ALL GRADES OF 24 HR. REACTIONS TO 0.1 c.c. INTRACUTANEOUSLY OF 
MERCUZANTHIN, SALYRGAN-THEOPHYLLINE, MERCUHYDRIN, THIOMERIN, AND SALINE IN 


53 SUBJECTS: GRADE I, ERYTHEMA OR WHEAL 1-5 MM.; GRADE II, ERYTHEMA OR WHEAL 
GREATER THAN 5 MM.; GRADE II], PAPULE GREATER THAN 5 MM. OR VESICLE; GRADE IV, 
COMBINATION OF GRADES II AND IIT OR NECROSIS 
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Subcutaneous Tests.— 

Tenderness: Of fifty subjects injected subcutaneously with 1 ¢.c. Thiomerin, 
slight tenderness soon after injection occurred in two (4 per cent). It disap- 
peared in two hours in both instances. In twenty-five of the same subjects sub- 
cutaneous saline injections were followed by transitory slight tenderness in two 
instances. In twenty-five subjects, 1 ¢.c. of Mereuhydrin subcutaneously pro- 
duced moderate tenderness lasting for twenty-four hours or more in four (16 
per cent) and slight transitory soreness in four others. 

Nodules: Nodules or infiltrations perceptibly harder than surrounding tis- 
sues were evident in three of fifty subjects (6 per cent) injected subcutaneously 
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with Thiomerin. They were approximately 3, 6, and 10 mm. in diameter at 
twenty-four hours and disappeared in two subjects in forty-eight hours and in 
the third one in ninety-six hours. No nodules were felt in the subjects injected 
with saline. Four nodules (16 per cent) resulted in the twenty-five persons 
injected with Merecuhydrin. They were approximately 6, 10, and 20 mm. in 
diameter. All were ténder at twenty-four hours and lasted at least two to 
fourteen days. 
DISCUSSION 


These results of intracutaneous and subcutaneous tests with the various 
mereurial diureties closely parallel those obtained by Lehman and co-workers in 
albino mice. Gross necrotic manifestations were, in general, much less common 
in our cases, probably because the skin of the human arm is much less delicate 
and reactive than the abdominal skin of the mouse. Intracutaneous doses of 
0.3 ¢.¢., used for differential photographie effects, caused severe reactions from 
Mercuhydrin but not from Thiomerin. Except for the rare tendeney to 
vesiculation, which Thiomerin has in common with its parent drug Mereuzanthin, 
the Thiomerin tests with 0.1 ¢.e. intracutaneously were either negative or con- 
fined largely to slight and relatively transient erythematous reactions, which 
were also not uncommon in the saline control group, and equally transient 
infiltrative lesions. 

It must be emphasized that the more recent batches of Thiomerin have been 
progressively less and less toxic in their effects intracutaneously, subcutaneously, 
and upon the isolated rabbit heart.2 Just as the cardiotoxie Mereuhydrin/ 
Thiomerin dosage ratios have fallen from 1:20 to 1:500, so have the cutaneous 
and subcutaneous reactions now fallen to the minimum expected for any mer- 
curial compound. The superiority of Thiomerin over other mercurials in much 
lessened toxicity in the human skin, in both intracutaneous and subcutaneous 
tests, appears to be clearly established in both human and animal experiments. 


SUMMARY AND CONCLUSIONS 


Thiomerin in intracutaneous tests in fifty-three human subjects caused much 
slighter and more transitory reactions than Mercuhydrin and other mercurial 
diuretics. 

Subcutaneous Thiomerin injections produced slight tenderness lasting less 
than two hours in 4 per cent of the subjects and small transient infiltrations in 
6 per cent. The subcutaneous reactions to Mercuhydrin were more lasting and 
severe. 

The relative local innocuousness of Thiomerin, together with its much lower 
cardiotoxicity, provides a firm basis for its clinical adoption as the mercurial 
diuretic of choice for subcutaneous, intramuscular, or intravenous administra- 
tion. 
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THE EFFECTS OF THE HYPOPHYSIS, THYROID, SEX STEROIDS, 
AND THE ADRENAL CORTEX UPON GRANULATION TISSUE 


M. TauBENHAUS, M.D., AnD G. D. AmRromin, M.D. 
Cuicaco, IL. 


INTRODUCTION 


HE influence of various hormones upon formation and structure of mesen- 

chymal tissues has aroused considerable interest, since the importance of 
these tissues in defense and disease mechanisms has been recognized. In previ- 
ous experiments! we have shown that granulation tissue accumulating around 
abscesses induced by turpentine injections in rats can be qualitatively and 
quantitatively influenced by the injection of certain hormones. F ibroblastic 
proliferation was profoundly stimulated by the injection of desoxycorticosterone 
acetate but suppressed to an extreme degree by the prolonged administration 
of sex hormones. These effects might be the result either of inhibition of the 
anterior pituitary or of a direct peripheral action of steroids. In the present 
work we have tried to analyze the separate influences of the anterior pituitary, 
the thyroid, the adrenal cortical hormones, and the sex steroids upon the strue- 
ture of granulation tissue. 


METHODS 


Male rats of the Sprague-Dawley strain weighing 160 to 200 grams (groups of nine 
to twelve animals) were used in our experiments. The animals were fed Purina dog chow 
pellets, with the exception of the hypophysectomized rats who received meat, bread, and 
milk, The turpentine abscesses were induced in the same manner as in our previous work, 
namely, by the injection of 0.5 ¢.c. of turpentine U.S.P. subcutaneously in the region of 
the right scapula. Particular care was taken to see that the depth of the injections was 
similar in all animals. Three or four animals of each group were sacrificed on the fourth, 
fifth, and sixth days after induction of the abscesses; the abscesses were removed and 
fixed in 4 per cent Formalin solution. Histologic sections were stained with hematoxylin 
and eosin and Masson stains. From our previous experience we concluded that the ab- 
scesses which were four, five, and six days old gave a sufficiently representative picture 
from which to draw conclusions regarding the character of granulation tissue. 

The criteria for estimating and comparing the degrees of response of the granulation 
tissue were identical with those reported in our previous paper. The collagen, as stained 
with Masson’s trichrome stain, was studied from the point of view of its amount, character, 
and manner of distribution in the walls of the abscesses. The types and histologic charac- 
teristics of the fibroblasts were noted, as well as any other noteworthy points, in the 
abscesses of the various groups of animals. The operative procedures and the substances 


injected are described in the following paragraphs. 
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RESULTS 


The normal control animals showed the typical appearance of turpentine 
abscesses as described in our first paper. The central cavity filled with tur- 
pentine was surrounded by a wall of necrotic tissue and a thick leucocytic layer. 
Adjacent to it was the granulation tissue proper. The numerous fibroblasts 
appeared mostly bipolar or multipolar and showed numerous mitoses. Macro- 
phages were present in moderate amounts. The collagen was abundant, ar- 
ranged in thick concentric strands (Figs. 1 and la). 

The Influence of Hypophysectomy and Growth Hormone.—Twelve animals 
were hypophysectomized by the parapharyngeal approach. The completeness 
of the operation was checked through random sampling of animals and his- 
tologic examination of the testes. These invariably were in various stages of 
atrophy. Three to four days after surgery, the turpentine was injected. 
Abseesses thus obtained were used also as controls for comparison with 
those of other hypophysectomized animals which were injected with ante- 
rior pituitary growth hormone.* <A fresh solution of the growth hormone was 
prepared every two or three days and the solutions were kept in a frozen state 
when not in use. The amounts of this substance injected daily for the six days 
during the development of the turpentine abscesses in two series of twelve rats 
each were 100 gamma and 500 gamma respectively. An equal number of intact 
animals was similarly treated. 

The controls were the same as in our previous paper. 

The hypophysectomized animals developed abscesses with thin walls. The 
fibroblasts were small and flat; the collagen was sparse and in occasional coarse 
clumps. (Figs. 2 and 2a.) 

The fibroblastic response in animals receiving 100 gamma of growth hor- 
mone daily was of a different character. The wall of granulation tissue was 
thicker. The individual fibroblasts were moderately large and of the bipolar 
and multipolar variety. The nuclei were moderately deep staining and the 
nucleoli were prominent. The collagen was diffuse, abundant, and of a glassy 
character. Of interest was the appearance of occasional multinucleated giant 
cells. 

Still greater fibroblastic stimulation was observed in hypophysectomized 
rats receiving 500 gamma of growth hormone. The fibroblasts were larger and 
predominantly of the multipolar variety with deep-staining nuclei and promi- 
nent nucleoli (Figs. 3 and 3a). 

Of interest were the results in two groups of intact normal rats which were 
given 100 gamma and 500 gamma of growth hormone respectively. 

The granulation tissue in the rats receiving 100 gamma of growth hormone 
daily was abundant and exceeded that of the intact contro] animals. The fibro- 
blasts were moderately large, bipolar and multipolar, with prominent nucleoli. 


*An analysis by Armour and Company Chemical Research and Development Department 
of the growth hormone preparation employed was as follows: ‘‘Lot No. 22KR1 is approximately 
as potent as electrophoretically and ultracentrifugically homogenous preparations. This material 
contains approximately 0.5 per cent of Armour Standard La-I-A adrenocorticotrophic hormone 
(ACTH) and is inactive at 750 gamma compared to 20 gamma Armour Standard Thyrotropin.”’ 
Fifty gamma per rat per day of this material was sufficient to cause a 20-gram weight increase’ 
in fifteen days. (Figs. 1 to 5a.) 
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Figs. 1 to 5 «160, illustrating granulation tissue of 5-day-old turpentine abscesses, Figs. 
la to 5a 640. All sections stained with iron hematoxylin and eosin, 

Figs. 1 and la.—Normal control. 

Figs. 2 and 2a.—Hypophysectomized animal. Note smaller layer of granulation tissue and 
relative paucity of thinner fibroblasts. 

: igs. 3 and 3a.—Hypophysectomized animal treated with 500 gamma of growth hormone 
daily, Note thicker granulation tissue layer and numerous mononucleated and multinucleated 
giant cells. 

Figs. 4 and 4a.—Thyroidectomized animal. Note separation of small bipolar fibroblasts 
by edema-like material. 

Figs. 5 and 5a.—Hypophysectomized animal treated with thyroxin. Note larger fibro- 
blastic layer as compared with the hypophysectomized control, The fibroblasts are more 
abundant, bipolar or multipolar, 
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Pale-blue, diffuse, homogeneous collagen appeared early and increased rapidly 
to large amounts. Multinucleated giant cells were noted. The over-all picture 
resembled closely that of the hypophysectomized animals receiving 500 gamma 
growth hormone. 

In sharp contrast were the abscesses in intact animals which received 500 
vamma of growth hormone daily. As compared with the normal controls, high 
doses of growth hormone not only failed to stimulate granulation tissue but 
actually resulted in some suppression. 

Influence of the Thyroid Gland.—Thyrotrophie hormone of the anterior 
pituitary gland was not available to us. In order to ascertain its effect upon 
granulation tissue indirectly, the following experiments were performed. Nine 
animals were thyroidectomized under the dissecting microscope with particular 
care to see that the operation was complete. Because of the anatomic peculiar- 
ities of rats, the parathyroids had to be removed together with the thyroids. To 
compensate for this, a 2 per cent calcium chloride solution was added to the 
diets of the thyroidectomized animals. None of these evidenced any excessive 
muscular irritability postoperatively. Three to four days after surgery, tur- 
pentine abscesses were induced. 

In a group of nine rats hypophysectomies were performed, abscesses induced, 
and 0.3 mg. of thyroxin was injected daily for six days during the formation 
of the abscesses. 

It was noted that a pale, edema-like material separated the cellular elements 
and the collagen in thyroidectomized rats. As compared with the normal con- 
trols, a slight suppression of the granulation tissue as a whole could be noted 
(Figs. 4 and 4a). However, the responses were better than those of the hypo- 
physectomized animals. 

When thyroxin was administered to hypophysectomized animals, the fibro- 
blastic response was exuberant in the 4-day-old abscesses and decreased grad- 
ually in the 6-day abscesses. The individual cells were moderately large, the 
majority spindle-shaped, others multipolar. The collagen was only moderate 
in amount, pale and fibrillar, and occasionally in coarse clumps (Figs. 5 and 5a). 
The fibroblastic response was seen to be far superior to that of the hypophysec- 
tomized animals but did not achieve the height of hypophysectomized rats 
receiving 500 gamma of growth hormone. 

The Influence of Sex Hormones in the Presence of Growth Hormone.—A 
new control series of animals injected with sex hormones alone had to be estab- 
lished for the evaluation of the observations to be described. In our previous 
work large doses of sex hormones were injected for a period of several weeks 
prior to the induction of the abscesses. We were interested in seeing the re- 
sponses of granulation tissue of animals which were not pretreated but which 
received sex hormones only during the period of six days of the development 
of the abscesses. We therefore administered 2.5 mg. testosterone propionate 
or 0.25 mg. estradiol dipropionate every other day to two groups of twelve 
animals each. In these, the individual fibroblasts were always small, spindle- 


shaped, and pyknotic. They appeared ‘‘postmature’’ and resembled miniature 
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replicas of fibroblasts from. 6-day-old abscesses of normal controls. Collagen 
was of moderate amounts and at all times in coarse clumps. It is apparent from 
this experiment that the results obtained by the administration of testosterone 
propionate only during the growth of the abscesses were comparable with those 
of our previous work on pretreated animals. 

In both groups inhibition of granulation tissue occurred. In view of the 
fact that this inhibition may have been due to suppression of the anterior 
pituitary growth hormone, it was felt necessary to repeat the experiments in 
intact and hypophysectomized animals receiving the sex hormones in conjune- 
tion with a ‘‘maintenance’’ dose of growth hormone. Nine intact and nine 
hypophysectomized rats were injected with 2.5 mg. of testosterone propionate 
every other day and with 100 gamma of growth hormone daily. In the intact 
animals thus treated no noticeable effect of the testosterone was observed as 
compared with intact animals receiving the same dose of growth hormone. The 
fibroblasts were predominantly spindle-shaped with many large, dark nucleoli. 
The collagen was sparse, in coarse clumps in some areas and diffusely and finely 
fibrillar in others. 

Great variation was noted in the amount and type of fibroblasts in this 
series. In some portions of the abscess walls where fibroblasts were sparse, they 
likewise were small and spindle-shaped. Elsewhere they were luxuriant, multi- 
polar, and resembled in all respects those of hypophysectomized rats receiving 
large amounts of growth hormone. The collagen, similarly, was in coarse 
clumps or in pale-blue, homogeneous, diffuse sheets. 

It is evident that in hypophysectomized rats similarly treated, the granula- 
tion tissue, although showing great variations, appeared in some instances 
actually to have been stimulated by the testosterone if growth hormone was 
present. 

Rats injected with estradiol dipropionate developed abscesses with poorer 
granulation tissue than the testosterone group. Fibroblasts were more sparse, 
very small and bipolar and multipolar. Very little collagen was observed. 
It appeared in coarse clumps and was peripherally located. On the whole the 
tissue resembled that of the animals pretreated with estradiol for several weeks 
as reported in our previous paper. 

In nine intact animals which received ‘‘maintenance’’ doses of 100 gamma 
of growth hormone daily and 0:25 mg. of estradiol dipropionate every other 
day, the granulation tissue in the walls of the turpentine abscesses was again 
most variable. The fibroblasts varied in size and ranged from small, flat, spindle- 
shaped cells to large, multipolar fibroblasts. Differences in the quality and 
quantity of granulation tissue were present in the individual abscesses as well 
as among different animals of this group. The collagen appeared either in 
occasional coarse clumps or in diffuse larger homogeneous deposits. 

Variation was much more pronounced in nine hypophysectomized rats 
receiving the same amounts of estradiol] dipropionate and growth hormone. All 
varieties of fibroblasts were seen, from small, thin, bipolar ones to the large, 
multipolar, active variety. Similar variability was present in the collagen 
Which in some areas was sparse and clumped, elsewhere homogeneous and diffuse. 
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The Influence of the Adrenal Cortex.—In order to analyze the effects of 
the various adrenal] steroids, the following groups of animals (twelve each) 
were examined: (1) adrenalectomized animals; (2) rats injected with 1 mg. 
desoxycorticosterone acetate (DOCA); (3) rats receiving 0.5 ¢.c. of a Lipo- 
adrenal Extract,* which contains mostly 11 oxysteroids and no desoxycosterone; 
each cubic centimeter of this extract is equivalent in biologic activity to approxi- 
mately 2 mg. of 11 dehydro-17 hydroxycorticosterone; (4) intact animals re- 


ceiving 2.5 mg. daily of 11 dehydro-17 hydroxycorticosterone (compound E of 


Kendall) ; (5) two groups of rats receiving 500 gamma and 750 gamma respec- 
tively of adrenocorticotrophic hormone; and (6) adrenalectomized rats receiving 
daily 100 gamma of anterior pituitary growth hormone. Al] the hormones were 
injected daily for six days starting one day prior to the induction of the 
abscesses. 

The adrenalectomized animals developed abscesses, the granulation tissue 
of which was inferior as compared with the normal ones. The fibroblasts were 
smaller, sparse, and mostly bipolar. The collagen was faint, diffuse, with oc- 
easional clumps in moderate amounts. The amount of lymphocytes appeared 
increased. The specimens resembled the ones which we observed previously in 
our studies of adrenalectomized and castrated animals. 

The rats receiving desoxrycorticosterone acetate during the time of the ab- 
scess development exhibited a granulation tissue in approximately the same 
amount as the normal rats. Many of the fibroblasts were large and bipolar. 
The collagen was arranged in occasional coarse clumps, but was mostly glassy 
and diffuse. This was by far not as pronounced as in the animals which had re- 
ceived DOCA for a long period of time prior to the induction of the abscesses, 
as we have observed previously.'. The latter showed a considerable stimulation 
of the granulation tissue with many multipolar fibroblasts and a glassy ground 
substanee throughout, with very few collagen fibers. The difference lay as 
mentioned before in the period during which DOCA was injected which was 
in the previous experiments five weeks before and six days during the abscess 
development and in the present experiments only six days during the abscess 
growth. 

The animals treated with Lipoadrenal Extract and with compound EF 
showed similar results. They can therefore be discussed together. The dif- 
ference between these and the normal controls was striking and much more pro- 
nounced in the latter group, which received two and one-half times as much 
active 11 oxysteroids as the first one. There was a marked decrease in actively 
proliferating fibroblasts (Figs. 7 and 7a). Those which were present were 
definitely smaller and had paler-staining nuclei than the controls (Figs. 6 and 
6a). Mitotic figures, which were frequent in the controls, were sparse. The 
nuclei were paler staining, rounder, and had less prominent and fewer nucleoli 
than the irregular, hyperchromatie nuclei and fibroblasts of the controls. There 
was also an absolute and relative increase of large phagocytes which are derived 
from the reticuloendothelial system. These were cells with pale-staining, round, 


*The Upjohn Company, Kalamazoo, Mich. 
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: vascularization. The high magnification shows the fibroblasts to be smaller and sparser than 
d ‘ in the control. A great number of pale-staining phagocytes forms the main substrate of this 
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and more regular nuclei and abundant acidophilic cytoplasm. The macro- 
phages appeared to be the predominating cells in both groups, which received 
11 oxysteroids, particularly in the animals receiving compound E. The great 
masses of these cells as well as the paucity of fibroblasts gave the granulation 
tissue of the animals treated with 11 oxysteroids a pale-staining, homogeneous 
appearance. In the 6-day-old abscesses the fibroblasts appeared in greater 
numbers, but still they were sparser and smaller than those of the controls. 
The ground substance consisted of an immature fibrillar structure, as compared 
with the controls. In addition it appeared edematous and loose. Considerably 
less vascularization was observed in these abscesses. 

Rats injected with ACTH also showed a definite decrease of the actively 
proliferating fibroblasts, less outspoken than in the animals of the group de- 
scribed previously. The phagocytes were somewhat greater in number. The 
changes in the ground substance were not observed in this series. As a whole, 
the granulation tissue of these animals was not as profoundly altered in com- 
parison with the controls as in the abscesses of the animals which received the 
11 oxysteroids. 

Adrenalectomized animals receiving growth hormone failed to show the 
highly stimulating effect of this same substance injected into intact animals 
and described before. The fibroblasts in such rats were of the magnitude of the 
ones observed in adrenalectomized controls. The collagen was faint, diffuse in 
occasional clumps. Giant cells were never observed in this group. The thick- 
ness of the granulation tissue layer was about the same as in the controls. 

DISCUSSION 

From the experiments described it appeared that hypophysectomized rats 
failed to develop significant amounts of granulation tissue. Injection of 100 
gamma of anterior pituitary growth hormone daily to such animals stimulated 
granulation tissue to some extent. Administration of 500 gamma of this hor- 
mone daily promoted the growth of granulation tissue which was more abundant 
and exceeded that of the normal control animals. Growth hormone in doses of 
100 gamma daily, if administered to intact animals, stimulated its formation to 
a degree beyond the normal controls, almost reaching the limits of fibroblastic 
response. Greater doses of growth hormone injected into intact animals not 
only failed to stimulate but actually inhibited granulation tissue formation to 
some extent. 

Krom these experiments it appears that anterior pituitary growth hormone 
is one important factor in promoting the growth of granulation tissue. The 
growth hormone which was supplied to us contained minute amounts of thyro- 
trophic hormone. It is obvious that simultaneously with the increased amounts 
of the material administered the dose of the thyrotrophic hormone rose. The 
same is true for the small amounts of adrenocorticotrophic hormone which were 
present in the material. Irom our experiments it appears that thyroid hor- 
mone also stimulates granulation tissue. Therefore it may be assumed that the 
thyrotrophic hormone acted synergistically with the growth hormone. 
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It is interesting to note the similarity of response of the hypophysectomized 
animals which received 500 gamma of growth hormone and the intact rats re- 
ceiving only 100 gamma. This indicates that in hypophysectomized animals 
synergistic substances, probably the thyroid hormone, are diminished which in 
the intact animals play a role together with the growth hormone in stimulating 
fibroblasts. 

Larger doses of growth hormone if injected into intact animals actually 
inhibited granulation tissue formation, This suggests that counter-regulatory 
mechanisms are operating. 

Cuthbertson and co-workers? failed to find any influence of pituitary ex- 
tracts upon wound healing, These authors, however, employed a crude extract, 
in which the exact content of active pituitary hormones was unknown. Majara- 
kis,?’ who used a growth hormone preparation very similar to ours, described 
an increased tensile strength of wounds locally treated with this substance. 

Stimulation of connective tissue in general by growth hormone was ob- 
served by Putnam, Benedict, and Teel,‘ confirming older observations by path- 
ologists that the connective tissue in acromegalic patients is increased. The 
limitation of growth hormone action was stressed by Evans’? who showed that a 
maximum reaction cannot be exceeded by large amounts of growth hormone. 
The synergistic action of growth and thyroid hormones upon the skeleton was 
observed by Smith® and is in agreement with our observations of a similar action 
upon granulation tissue. 

Our experiments on thyroidectomized animals indicate that the lack of 
granulation tissue formation due to hypophysectomy cannot be attributed to 
lack of thyrotrophic hormone alone. Removal of the thyroid gland influences 
the quality and the quantity of the granulation tissue. Inhibition was noted, 
which, however, was not as great as that of the hypophysectomized rats. The 
primary difference was in the ground substance, which resembled that seen in 
myxedema. These experiments, however, do not clarify a possible influence of 
thyrotrophic hormone upon granulation tissue. Since this substance was not 
available to us, thyroxin was administered to hypophysectomized animals in 
order to imitate its possible role. A definite stimulatory effect was observed by 
these means. The resulting granulation tissue differed, however, from that ob- 
tained with growth hormone in that it grew rapidly at first only to decrease 
in its rate and degree of response as the abscesses matured. This is in sharp 
contrast to the progressive and continuous growth noted in hypophysectomized 
animals receiving growth hormone. The multinucleated giant cells noted in 
the latter rats were not observed in those receiving thyroxin. The stimulating 
action of thyroid hormone upon fibroblasts in vitro was demonstrated by von 
Haam and Cappel.’ 

Administration of sex hormones, particularly estradiol dipropionate, to 
intact animals resulted in granulation tissue similar to that produced by hypo- 
physectomy, This remained true whether the hormones were administered over 
a long period of time, as in our previous work, or only during the duration of 
the abscess formation. This suggested that the sex hormones may act by in- 
hibiting the anterior pituitary growth hormone. 
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The inhibitory effect of sex hormones upon other functions of the anterior 
pituitary has been reported. in order to properly observe the action of sex hor- 
mones upon granulation tissue, a ‘‘maintenance dose’’ of growth hormone was 
administered to hypophysectomized and intact rats simultaneously with estro- 
gens and/or testosterone, In these groups, great variability was observed in the 
responses between different animals within each group as well as within indi- 
vidual abscesses. In some hypophysectomized animals receiving testosterone as 
well as estradiol a definite stimulation was seen if growth hormone was present. 
In others an inhibition was noted. However, none developed the degree of 
suppression observed in hypophysectomized rats. 

From this we may conclude that in addition to the inhibitory effect upon 
the anterior pituitary, sex hormones have a local effect upon granulation tissue. 
However, it was impossible to establish a definite pattern of their peripheral 
actions under the experimental conditions employed. 

An outspoken stimulating effect of testosterone upon fibroblasts and ground 
substance of the chick’s comb was recently reported by Boas, Lee, and Ludwig.” 
One must keep in mind, however, that the comb reacts like a sex skin and is 
more specifically stimulated by sex hormones than other connective tissue. 

The importance of steroid hormones of the adrenal cortex in regard to 
their influence upon mesenchymal tissues has become evident. Two types of 
reactions may be elicited, depending upon the character of the hormone em- 
ployed. Desoxycorticosterone produces mesenchymal proliferation in certain 
tissues, This became evident from the experiments of Selye® and co-workers 
who were able to produce such proliferative changes in their work on the pro- 
duction of periarteritis, nephrosclerosis, and arthritis. It also could be elicited 
in our previous experiments on the stimulation of granulation tissue by large 
doses and prolonged administration of DOCA. That the presence of sodium 
chloride plays an important role in these mechanisms was shown by Selye. An 
altered membrane permeability, which is effected by DOCA, must also be con- 
sidered.” More recently it was also shown by Seifter and associates" that 
DOCA increases the permeability of synovial membranes in the talocrural joint 
of the rabbit. In the experiments reported here, DOCA, when administered 
simultaneously with the development of the turpentine abscess, without pre- 
treatment, produced the stimulating effect to a much lesser degree than de- 
scribed before.! This would indicate that some mechanisms other than direct 
influence upon granulation tissue must be set into function, which ultimately 
produces the stimulation. 

The effect of C11 oxysteroids upon mesenchymal structures seems to be an 
inhibitory one. This observation is suggested by our own experiments presented 
here and fits well into the clinical observations of Hench and co-workers’? on 
the treatment of rheumatoid arthritis and allied disorders with compound I. 
After completion of this work, Ragan and co-workers'® '* reported inhibition 
of granulation tissue growth in man and similar changes in granulation tissues 


of rabbits under the influence of cortisone, as we had found in rats. A number 


of mechanisms have to be considered for the explanation of the inhibitory action 
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of C11 oxysteroids. First, one must remember that these substances have a 
nitrogen catabolic effect and will probably withdraw protein from the area of 
wound healing.’® Second, the question of decreased membrane permeability 
has to be taken into consideration. Third, a hitherto unknown, very specific 
action of the steroid hormones upon the mucoprotein ground substance has to 
be taken into consideration. Such an effect was already suggested.’® '* It also 
becomes evident from our own observation on the structure of the ground sub- 
stance in our previous experiments with large and prolonged administration of 
desoxycorticosterone and in the animals receiving compound KE. Chemical and 
special histologic studies are in progress to determine the type of mucoproteins 
involved in these mechanisms. 

Our observation of large amounts of macrophages accumulating in such 
tissues is well substantiated by the findings of increased phagocytosis during 
the alarm reaction.'® 

ACTH produced changes of the granulation tissue which are in line with 
those found in animals treated with C11 oxysteroids. The inhibition was not 
as striking and certain features found in the latter group were absent. 

We aiso attempted to determine whether the presence of the adrenal glands 
is necessary to stimulate formation of granulation tissue with anterior pituitary 
growth hormone. Adrenalectomy abolished this effect of the growth hormone 
upon granulation tissue, although skeletal growth can be obtained by pituitary 
implants even in the absence of the adrenals.'? No further explanation of this 
phenomenon can be given at the present time. 


SUMMARY AND CONCLUSIONS 

Granulation tissue surrounding turpentine abscesses in white rats was 
studied histologically. Hypophysectomized animals failed to develop the amount 
of granulation tissue observed in normal animals. The anterior pituitary stimu- 
lated fibroblastic proliferation through its growth hormone, which, if ad- 
ministered to hypophysectomized animals actually promoted its formation be- 
yond the normal response. In intact animals, growth hormone also produced 
stimulation ; however, if injected in large doses it inhibited such tissues. 

Thyroidectomized animals developed myxedema in the tissues studied. 
Administration of thyroxin to hypophysectomized animals stimulated formation 
of granulation tissues, indicating that the thyrotrophic hormone also plays a 
part in the stimulatory mechanisms. 

Sex hormones given to intact animals inhibited granulation tissue forma- 
tion; however, if growth hormone was injected simultaneously, it showed stimu- 
latory effects in some instances, indicating that their inhibition was due to sup- 
pression of the anterior pituitary. 

The adrenal cortex exerted its effect in two ways: desoxycorticosterone, if 
injected into intact animals prior to and during the turpentine abscess forma- 
tion, had a profoundly stimulatory effect, affecting the fibroblasts and changing 
the appearance of the ground substance. Cortisone had an inhibitory effect 
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upon fibroblasts and caused the appearance of large amounts of macrophages 
and inhibited collagen formation, Adrenocorticotrophic hormone of the an- 
terior pituitary had a similar but less pronounced effect. 

Growth hormone administered to adrenalectomized animals failed to pro- 
duce its stimulatory effect. 


We wish to express our appreciation to the Chemical Research and Development 
Department of The Armour Laboratories, Chicago, Ill. for their generous supply of the 
growth hormone employed. The cortisone used in these experiments was supplied by 
Merck & Co., Rahway, N. J., through the courtesy of Dr. James Carlisle to the Rheumatoid 
Arthritis Research Group of this Hospital. This is herewith gratefully acknowledged. 

We are indebted to Dr. Rachmiel Levine and Dr. Otto Saphir for their encourage- 
ment and helpful suggestions. Dr. Myron Rubnitz has rendered valuable help in per- 
forming the experiments. 
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EXPERIENCE WITH THE NEW ANTICOAGULANT, B.O.E.A. 
CyrRIL Sotomon, M.D., F.C.A.P., Hector J. McNermr, M.D., F.A.C.P., AND 


RicHARD LANGE, M.D. 
New York, N. Y. 


HE therapeutic efficacy of anticoagulants has been well established. The 

addition of Dicumarol to the anticoagulant armamentarium was a major 
advance in the treatment of thromboembolic disease. Dicumarol possessed many 
advantages over heparin, particularly its ease of administration and its low 
cost. Its disadvantages have limited its use. Chief among these disadvantages 
are the delay of initial action, the delay of response to vitamin K, and the lag 
in excretion. 

The present report is concerned with a new anticoagulant, which was syn- 
thesized by a Czechoslovakian, Rosicky, in 1944, and has had considerable in- 
vestigation and clinical trial in Europe.'® This product, bis-3,3’-(4-oxy- 
coumarinyl) ethyl acetate, chemically similar to Dieumarol, is known more 
commonly under its tirade name, Tromexan, or as the British have called it, 
B.O.K.A.* B.O.E.A. is administered orally and can be followed in the labora- 
tory by prothrombin times, as with Dicumarol. B.O.E.A. is four times more 
soluble than Dicumarol, more rapidly absorbed, more rapidly excreted, and of 
lower toxicity. 

The action of this drug was studied at this Hospital. Ten volunteers among 
the house staff and laboratory technicians and twenty-five patients were given 
the drug. The longest period of observation in a single patient was two and 
one-half months. The prothrombin times were determined by the Quick method, 
using Difco thromboplastin. Ninety per cent of the determinations were done 
by the same technician. Controls were done on every series of determinations. 

Before the drug was administered to patients, the ten volunteers were given 
a test dose of 1.2 Gm. B.O.E.A. It must be emphasized that these were young, 
normal subjects who were ambulatory and that their response to the drug and 
rapid excretion of it was not in all cases paralleled by bed-ridden patients. 
In these ten volunteers the initial prothrombin depression and consequent pro- 
longation of prothrombin time was manifest in eight hours. The maximal effect 
was obtained in ten hours, although it was not within therapeutic range.t In 
all instances, the prothrombin time returned to normal in twenty-four hours. 

In consideration of initial dosage in patients, two factors stand out: (1) 
the dosage necessary to secure a therapeutic level and (2) the time at which a 


therapeutic level is secured. It was apparent that in young normal subjects 


From the Department of Pathology and the Department of Medicine, French Hospital. 
Received for publication, Feb. 3, 1950. 

*The drug is manufactured by the Geigy Company, Switzerland. 

+We have arbitrarily considered a level of 25 sec. or above as being therapeutic. 
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1.2 Gm, were inadequate to achieve a therapeutic level. In patients this find- 
ing held true in most instances. A dosage of 1.5 to 1.8 Gm. was found neces- 
sary in all but five patients. In these five patients 1.2 Gm. proved adequate. 
In one of these five patients, an elevation to 90 sec. eleven hours after the ad- 
ministration of 1.2 Gm. B.O.E.A. was noted. This patient’s response was un- 


usual, the only one in this series. 
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1.—Average response of ten normal controls to 1.2 Gm. B.O.E.A. 







Fig. 





All patients showed a prolongation of the prothrombin time within twenty- 
four hours. Those patients who received a sufficient initial dosage to achieve 
a therapeutic level demonstrated the therapeutic level within twenty-four hours. 
Most often this level was obtained by the sixteenth hour. The rapid effect of 
B.O.E.A. on the prothrombin level is in sharp contrast to Dicumarol which has 
a thirty-six to seventy-two hour lag period. 

All previous reports on maintenance dosage state that only one prothrombin 
time daily was used in supervising administration. The rapid action and ex- 
cretion of B.O.E.A. suggested that fluctuations within a twenty-four hour 
period might be expected on a single daily administration. This possibility was 
tested by doing multiple prothrombin times during a twenty-four hour period. 
Fluctuation did occur, in a few instances with as wide a variation as fifty sec- 
onds. In order to maintain a more constant therapeutic level, we used divided 
doses on an eight-hour scheme with excellent results. We now find that with a 
divided dosage only one prothrombin time daily need be done. 

Varying response to B.O.E.A. has been observed, as with Dicumarol. In 
this series the minima] daily maintenance dose necessary was 0.3 Gm, and the 
maximal 0.9 gram. Following an initial dose and maintenance on a divided 
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dosage scheme, we have often noticed an elevation of prothrombin time on the 
fourth day of treatment. A case illustrating this rise is presented in Fig. 2. 
The only way we ean explain this is that there is some cumulative effect. We 
have therefore reduced the maintenance level on the third day of treatment. 


Prothrombin Time in seconds 


OQ equals 0.3 Gn. 





Fig. 2.—Representative case of elevation of prothrombin time on the fourth day of treatment. 
The patient received 1.8 Gm. Stat. and then 0.3 Gm. q. eight hours. 
Subsequent maintenance is based on the patient’s response as determined by 
the prothrombin times. Usually the patient is well stabilized after one week 
of management and prothrombin times may be done more infrequently. In all 
patients on a divided dosage maintenance schedule, the prothrombin times re- 

turned to normal within twenty-four hours after cessation of the drug. 

Toxie effects of B.O.E.A. were searched for in this series of twenty-five 
patients. In no case was gross hemorrhage observed. In one patient transient 
microscopic hematuria was noted. One of the patients experienced a single 
episode of vomiting eight hours after the administration of an initial dose of 
1.8 Gm. B.O.E.A. 


SUMMARY 





Clinical observations on ten normal volunteers and twenty-five patients 
with a new anticoagulant, B.O.E.A,. are reported. B.O.K.A. is chemically simi- 
lar to Dicumarol; it is administered orally and is also controlled by prothrombin 
times. However, it is more soluble, more rapidly absorbed, more rapidly ex- 
ereted, and less toxic than Dicumarol. The range of initial dosage necessary 
to achieve a therapeutic level (arbitrarily defined as a prothrombin time of 
25 see.) was found to be 1.2 to 1.8 grams. 
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Therapeutic levels were obtained within twenty-four hours of administra- 
tion. The range of the required maintenance dosage was found to be 0.3 Gm. 
to 0.9 gram. Fluctuation was minimized by a divided dosage schedule. 

Following cessation of therapy on a divided dosage schedule, all pro- 
thrombin times returned to normal within twenty-four hours. No toxicity was 
demonstrated except for a single episode of microscopic hematuria. 


The authors wish to express their appreciation for the invaluable technical] assistance 
of William R. Douglas, M.S., and Miss Jeanne Martin. 
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STERNAL MARROW PUNCTURE: THE DILUTION WITH 
PERIPHERAL BLOOD AS DETERMINED BY P* 
LABELED RED BLOOD CELLS 


NATHANIEL I. BERLIN, M.D., P#.D.,* THomAs G. HENNEsSyY, M.D., AND 
JEAN GARTLAND, B.S. 
BERKELEY, CALIF. 


TERNAL marrow puncture is extensively used in the diagnosis of the blood 

dyserasias and has been found to be a valuable procedure.” ** However, 
sometimes it provides information of only limited value because the sternal 
marrow findings have resembled peripheral blood. Also in the study of the 
quantitative changes in the bone marrow during the course of therapy, it is 
important to know what is the effect on the bone marrow differential of the 
dilution of the marrow aspirate by peripheral blood. This study was under- 
taken to measure the dilution of the sternal marrow aspirate by peripheral 
blood and to determine the consequent effect on the bone marrow differential. 


METHODS 


Red blood cells were labeled by the incorporation of P32 in vitro by a modification 
devised in this laboratory of the Hevesy and Zerahn method.4 One cubic centimeter of 
labeled red blood cells was injected into an antecubital vein. After fifteen minutes the 
sternal marrow was obtained at the level of the second intercostal space; 0.1 ¢.c. of the 
marrow was mounted on a piece of lens paper on an aluminum foil in the same manner as 
described for the whole blood; a total nucleated cell count was done and several smears were 
made. In general, from 44 to % «.c. of the material was aspirated from the marrow cavity. 
A venous blood sample was obtained simultaneously. 

The dilution (D) of the sternal marrow aspirate by peripheral blood was calculated 
by the following formula: 


pD — ¢Ppm_0.1 cc. bone marrow aspirate , 
~~ epm 0.1 ¢.¢e. venous blood 
(epm = counts per minute of P82) 


RESULTS 
The dilution of the sternal marrow aspirate by peripheral blood is presented 
in Table I. 
DISCUSSION 


The magnitude of the dilution of the sternal marrow aspiration by periph- 
eral blood has not been determined previously although most authors have 
recognized that there is a variable dilution with peripheral blood. Grief® and 
Segerdahl® showed clearly this dilution as measured by the decrease in the total 
nucleated cell count in successive drops of marrow aspirates. 


From the Donner Laboratory of Medical Physics, the Division of Medical Physics, 
the Radiation Laboratory and the Department of Physics, University of California. 


This study was supported in part by the United States Public Health Service. 
Received for publication, Feb. 16, 1950. 
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TABLE I. THe DILUTION OF THE STERNAL MARROW ASPIRATE BY PERIPHERAL BLOOD AND THE 
ABSOLUTE NUCLEATED CELL COUNT OF THE STERNAL MARROW 




















PATIENT | DIAGNOSIS — | ly | W.B.C, | D | A.N.C. 
\. A.B: Pov. — — 63 a 

2. BR. D. PY. 172,000 10,000 90 1,630,000 
3. Ay. PV. 141,000 13,800 75 520,000 
4, EO, Pe. 442,000 8,100 xh 1,890,000 
5. W. W. Py. 184,000 9,300 95 3,500,000 
6; ds ¥. Pees 200,000 7,000 83 1,140,000 
fe, 6a, rows 41,200 14,300 .70 440,000 
8. S. M. aN. 58,000 24,300 .99 3,400,000 
9. G. F. M.L. — 125,000 43 “= 
10. A. G. M.L. — 290,000 9 — 
11. R. L. M.L. 518,000 5,500 ofA 1,770,000 
2. le. W. M.L. 165,000 20,000 36 248,000 
13. R. H. M.L. 566,000 315,000 .69 1,120,000 
4. -2.: FP. M.L. 716,000 150,000 85 3,940,000 
15. W. F. L.L. 650,000 150,000 87 4,000,000 
16. G. B. L.L. 60,000 22,000 85 275,000 
17. W. M. L.L. 61,000 45,000 .95 360,000 
13, FF. ON. L.L. 245,000 81,000 83 1,400,000 
19. W. L. Myel. 48,500 11,700 97 1,090,000 
20. RB. C. G.F. 275,000 7,800 .69 870,000 

Mean 0.765 + 0.112* 

21. E. W. S.P. 94,000 6,300 1.14 

22. L. B. L.L. 31,000 5,800 1.18 

23. BR. 8. L.L. 246,000 180,000 1.03 

24. R. R. PVs 45,000 19,700 1.00 





T, Total nucleated cell count. D, Fraction of marrow aspirate that is peripheral blood. 
ANC., Absolute nucleated cell count. 

P.V., Polycythemia vera; M.L., myelogenous leucemia; L.L., lymphatic leucemia; 
G.F., giant follicular lymphoblastoma; S.P., secondary polycythemia; Myel., multiple myeloma. 


*Probable error. 


The principal result of the appreciation that there is a variable dilution 
of the sternal marrow aspirate with peripheral blood has been the widespread 
belief that the total nucleated cell count and the bone marrow differential cell 
count are without significance—in fact, so much so that some workers do not 
even make these determinations.” * 





The total nucleated cell count can be shown to be of great significance if 
interpreted properly. 

Theoretical Considerations.—The ratio of the observed percentage of cells 
in the bone marrow of any given type to the true percentage may be expressed 
as: 

Z 
—_— T — —— if. 
y ~ Z- (W.BC.) (D) (Xp) 
T— (W.B.C.) (D) 





Z = Number of cells of type X in cu. mm. of marrow aspirate. 

T = Total nucleated cell count. 

W.B.C. = White blood count. 

D = Dilution factor—fraction of marrow aspirated that is peripheral blood. 
Xp = Percentage of cells of type X in the peripheral blood. 

X = Observed percentage of cells in the marrow. 

Y = True percentage of cells in the marrow. 
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This equation can be simplified in the following manner: 
XZ [(T- (W.BC.) (D)] III. 
YT [(Z- (W.B.C.) (D) (Xp)] 

For graphic presentation to show how the total nucleated cell count is of 

significance, assume: 

1. A ratio between T and W.B.C., T = (R) W.B.C. 

2. A ratio between X and Xp, X = (S)Xp. 

3. A given value for D. 

Then equation IIT is: 


Z CE ae TD) 





X_ ( BF) IV. 
Y TT (Z-TDX) 
( RS ) 


Bat x = : x 100 


Z (RT - TD) 








as R 
Y” T (Z - TDX) 
( RS) V. 


Then: 
X S (R-D) 


' =-Sb VI. 


If varying values for R are chosen for a given value of D and S, then a 


a 


series of values of y may be obtained; and so a family of curves for different 


values of D, R, and S may be obtained. Since in most instances S will vary 
from 0 to 2, the equation may be graphically depicted by a set of curves for 


-_ 


/ 





Xp = 2X, Xp =->, Xp = 0, and since the dilution has been found in most 
instances to vary between 0.5 and 0.9 if these are chosen as limits, then the 
: ; ; P :; X 7 

six curves depicted in Fig. 1 show the relationship between _y and WBC 


in the majority of instances. 


Fig. 1 clearly shows that if the ratio is known, either the marrow 


T 
W.B.C. 
differential can be said to be significant without knowing D (the dilution) in that 
there could be but little effect from the dilution by peripheral nucleated blood 
cells or the marrow count is not significant, unless the dilution factor is known. 
7 
W.B.C. 
from 0.5 to 0.9 is not appreciable and would in most instances be less than the 
variability in the counting of 500 cells. 


fod 


In general when is greater than 5, the effect of varying the dilution 


The dilution of the sternal marrow by peripheral blood is probably higher 
in this study than obtained in this laboratory routinely because of the necessity 
for aspirating 0.25 to 0.5 ¢.e. fluid so that sufficient marrow aspirate is obtained 
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to count the P*?, make smears, and do the total nucleated cell count. The ob- 
servation that in about one-sixth of the cases the bone marrow dilution as 
determined by this method was 100 per cent or greater may be explained in 
two ways: (1) the possibility that the hematocrit of the blood aspirated is 
greater than that of the venous blood, since in the formula for the percentage 
dilution it is assumed that the hematocrit of the capillary blood aspirated from 


2.0 


X/Y 


0.5 





0 2 4 6 8 10 
T/ WBC 


Fig. 1.—Relationship between the ratio of the observed percentage (X) of cells in the 
bone marrow to the true percentage (Y) and the ratio of the total nucleated cell count (T) to 
the white blood count (W.B.C.). D is the dilution factor. Xp is the percentage of cells of 
type X in the peripheral blood. 


the marrow is the same as that of the venous blood; (2) the possibility that 
the amount of phosphorus leaving the red blood cell while it is in the capillaries 
of the bone marrow is greater than when it is in other tissues of the body— 
which would lead to a falsely high counting rate for the P** in the bone marrow 
aspirate, because of the presence of a significant amount of P** in the cells of 
the bone marrow. The first possibility was explored by making simultaneous 
red blood cell counts and/or hemoglobin determinations on the marrow aspirate 
and peripheral blood. The data are presented in Table II, from which it is 
seen that about 33 per cent (three of twelve) of the cases show red blood counts 
or hemoglobin greater than those obtained on capillary blood from the finger. 
Study of the second possibility is not feasible at this time. The observations 
of a dilution, as calculated, in Equation I greater than 100 per cent and the 
finding of the red blood counts or hemoglobin determinations on the marrow 
aspirate greater than in the peripheral blood does not affect the general con- 
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TABLE II. THE Rep Brioop CouNT AND/OR HEMOGLOBIN IN THE STERNAL MARROW ASPIRATE 
AND PERIPHERAL BLoop 











R.B.C. BONE 
PATIENT DIAGNOSIS HiGB,. MARROW 3 W.B.C. 
L 2. P.V. 10.27 Gm. 10.30 Gm. 33,000 10,100 
2. KB. D. PN. 6.34 6.70 172,000 10,000 
3. B.S. M.L. 3.98 3.84 147,000 4,900 
4. E. Q. M.L. 4.03 3.63 716,000 150,000 
a, we, M.L. 3.939 3.00 522,000 270,000 
G; KN. L.L. 4.26 6.15 245,000 81,000 
4 De 2s L.L. 4,24 3.58 24,300 15,400 
8. 1.8; L.L. 12.9 Gm. 13.0 Gm. 225,000 25,600 
o RR. By L.S. 10.6 Gm. 10.0 Gm. 71,500 4,000 
nO; “2, 1: Cat. 2.7 2.2 17,500 5,600 
LE: 6. DD. — 19.1 Gm. 19.0 Gm. 17,000 9,000 
im. V, B: — 3.92 4.66 10,100 6,400 
13.0 Gm. 12.9 Gm. 





T, Total nucleated cell count; A.N.C., absolute nucleated cell count. 


; P.V., Polyecythemia’ vera; M.L., myelogenous leucemia; L.L., lymphatic leucemia; 
L.S., lymphosarcoma; Ca.T., carcinoma of thyroid. 


clusions as to the extent of the effect of dilution upon the bone marrow differ- 
ential, where the dilution factor (D) is not known except when ratio (R) of 


i] 


WRG is less than 5, when the dilution factor must be determined anyway. 
This finding, however, precludes the possibility of determining accurately 
the absolute total nucleated cell count but would not negate the general values 


that could be obtained by the following formula 


T-— (W.B.C.) (D) 
t=) 


ANC. = ViEE. 
(A.N.C. = absolute nucleated cell count), since in most instances the error is 
probably not large. The errors introduced by the possible variation in hema- 
toerit could be eliminated by determination of the hematocrit in capillary 
tubes; however, this would necessitate the aspiration of even more material 
from the bone marrow which undoubtedly would raise the percentage dilution 


] 


even higher. Because the formula for the absolute nucleated cell count is based 
on (1-D), as D approaches 1 the error in the calculation of the absolute nucleated 
cell count would become much greater since a small variation in the determina- 
tion of D would lead to a large error in the determination of the absolute nu- 
cleated cell count. 

In general, when it is not possible to determine D, since D varies from 
0.65 to 0.87,* in 50 per cent of the cases, an estimate of the absolute cellularity 
may be made. 

The observed total nucleated cell count is then not significant in terms of 
absolute cellularity of the marrow but is of great significance in determining the 
reliability of a bone marrow differential, and in evaluating a sternal marrow 
puncture both the total nucleated cell count and a differential cell count should 
be made. 


*The mean plus or minus the probable error. 
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CONCLUSIONS 

The dilution of the sternal marrow aspiration by peripheral blood has been 
determined in twenty-four cases and has been found to vary from 40 to 100 
per cent. 

The equation for the ratio of the true to the observed percentage of a given 
cell type in the marrow has been derived and with certain assumed relationships 
has been depicted graphically. 

The total marrow cell count has been shown to be significant—not in terms 
of actual numbers of marrow cells, but in determining the significance of a 
given marrow differential. 

The authors wish to thank Dr. John H. Lawrence and Dr. John C. Weaver for sug- 
gestions and criticisms during the course of this study. 
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THE SEPARATION OF THE FORMED ELEMENTS OF WHOLE 
BLOOD BY MEANS OF FRACTION I 


Epwarp S. BucKLEY, JR., M.D., Marvin J. Powe, B.S., AND 
JOHN G. Gipson II, M.D. 
Boston, Mass. 


N EVER-GROWING interest in the study of the individual formed ele- 
ments of whole blood, erythrocytes, leucocytes, and platelets, has led to 
renewed investigation of methods for effecting complete separation of the formed 
elements from the plasma of whole blood, and from each other. A method pre- 
viously reported from our laboratory’ consisted of layering heparinized whole 
blood on an albumin solution of a critical density and separating the heavier 
erythrocytes from the lighter leucocytes by slow centrifugation. 

This technique, while satisfactory for many purposes, has several disad- 
vantages for the preparation of white cells and platelets, for chemical analyses, 
for viability studies, and for experiments in which tracer radioisotopes are em- 
ployed. There is no certainty that a complete separation of red and white cells 
is obtained. The percentage of the total white cells in the original blood sample 
that collect at the interphase cannot be determined with standard hemocytom- 
eter techniques, since they become clumped in large aggregates. To date, no 
procedure has been found that will disperse these coherent cells. 

There is considerable doubt whether or not the leucocytes obtained by the 
albumin flotation technique are viable. The rise in temperature during cen- 
trifugation and the agglutination are unfavorable factors for viability. This is ¢ 
distinct limitation in the preparation of leucocytes for tissue cultures, or for 
in vivo survival experiments. 

In routine practice, the white cell layer always contains entrained red cells, 
particularly in anemic states, since young erythrocytes are lighter than mature 
cells. Saponin effectively lakes these red cells, but it is not at all certain that 
this procedure does not injure leucocytes. 

Kahraeus,® in 1921, demonstrated that fibrinogen was the principal plasma 
protein determining the suspension stability of erythrocytes, by causing the 
formation of aggregates of red cells: the familiar rouleaux. He also demon- 
strated that the size of the individual cell aggregate determined the rate of 
sedimentation of red cells in plasma, and that increasing the concentration of 
fibrinogen increased the dimensions of the aggregated particles, and hence the 
‘ate of sedimentation. 

Gray* added human Fraction I to human blood to decrease the time re- 
quired for centrifuging in the routine determination of the hematocrit of whole 
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blood samples. Following this lead, Minor and Burnett® were the first to em- 
ploy the protein to effect the separation of white cells from whole blood. They 
employed bovine Fraction I for treating human blood and observed that the 
sedimentation rate of the red cells could be greatly accelerated ; the white cells 
remained suspended in the supernatant plasma-fibrinogen solution. They re- 
ported the recovery of a large proportion of the total leucocytes with this tech- 
nique. In their opinion, the recovered white cells were viable. 

Kahraeus* pointed out that the variables involved in the sedimentation of 
erythrocytes in a solution of colloids and electrolytes (plasma) are subject to 
Stokes’s law which defines the final velocity which a sphere will attain in falling 
freely through a fluid medium, sic: 

















Dog? 2s 
V =— aN , when 
V = Final velocity, 
a = The radius of the sphere (rouleaux) 
d, = The specific gravity of the sphere, 
d, = The specific gravity of the fluid medium, 
g Gravitational force, and 





n = The coefficient of viscosity of the fluid medium. 

It is clear that in the absence of centrifugation, the chief factors in deter- 
mining the velocity of a falling particle are (1) size, since the velocity varies 
as the square of the radius of the particle, and (2) the density differential be- 
tween particle and medium. Applied to the sedimentation rate of erythrocytes, 
these factors can be considered as the concentration of fibrinogen because of 
its effeet on aggregation of red cells, and the degree of dilution of the plasma. 

It therefore seemed worth while to make a quantitative study of the inter- 
relations of the several factors involved, with the aim of developing a standard- 
ized technique that would ensure the most complete separation of red cells and 
white cells and permit the maximum recovery of white cells. It was hoped that 
this technique might eliminate some of the inaccuracies of the albumin flotation 
method. Of particular interest was the adaptation of the procedure to the 
processing of large quantities (up to 500 ml.) of whole blood at a time. 
















EXPERIMENTAL PROCEDURE 





The experiments reported herein were so designed as to vary each of the major factors 
affecting red cell sedimentation independently of the others, These factors were considered 







to be: 

[. The concentration of fibrinogen in the fluid phase of the diluted whole blood, ex- 
pressed as F. The values of F were calculated on the basis of the known quantity of fibrinogen 
in the diluent and the assumption that normal human plasma contains 3 mg. per milliliter, 









according to the formula. 





QQ) ss 4 8(100-H,) W, 
- (100-H,) W, 





, where 








F = Concentration of fibrinogen in milligrams per milliliter of plasma-Fraction 





I solution; 
= Total fibrinogen in milligrams in all of the diluent; 





t 
H, 


= The hematocrit of the whole blood; 
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H, = The hematocrit of the diluted blood; 
W, = The volume of whole blood in milliliters, and 
W, = The volume of the diluted blood in milliliters. 


II. The ratio of red cell volume to fluid volume as determined by hematocrit, expressed 
as ©. The values of C were calculated according to the formula: 


(2 


2) H 


C=, witere 
100-H 


H is the per cent of red cells as determined by the hematocrit of the diluted blood. 

III. Temperature, which in the experiments reported ranged from 24° to 4° C. 

IV. The time elapsed from the initiation of sedimentation of red cells to the with- 
drawal of supernatant fluid. 


MATERIALS AND METHODS 


The Fraction I used in these studies was supplied through the courtesy of the Depart- 
ment of Physical Chemistry at the Harvard Medical School, and the Division of Biologic 
Laboratories, Massachusetts Department of Public Health. The material used, supplied as 
a powder in ampules, contained about 60 per cent protein, of which about 60 per cent was 
reported to be clottable, and 40 per cent citrate salts by dry weight. Each ampule contained 
400 mg. of material, or approximately 240 mg. of protein of which about 140 mg. was 
fibrinogen and about 160 mg. was sodium citrate. 

An initial fibrinogen solution was prepared by dissolving 400 mg. of the dry powder 
(Fraction I) in 10 ml, of distilled water. This was carried out at 37.5° C. (water bath) 
and with minimal agitation, to avoid foaming. This stock solution is isotonic. It is un- 
stable and should be used within six hours. The final solutions of the desired concentration 
of fibrinogen were prepared by diluting the stock solution with either isotonie NaCl or 
dextrose solutions. Isotonicity was checked by measuring the freezing point of the solution 
(-0.64 to -0.60° C.). 

Blood-collecting flasks and sedimentation tubes were treated with silicon (Drifilm-9987, 
General Electric Company) by the method of Jaques.5 The fibrinogen solution was placed 
in the collecting flasks and the blood drawn directly thereinto from the vein through plastic 
tubing. 

Subjects were normal male volunteers. 

Red cell and white cell counts were done with standard hemocytometer techniques. All 
counts were done in duplicate, and results not agreeing within 20 per cent were discarded. 
A minimum of 200 cells was counted for differential counts. Sedimentation rates of control 
and test samples were carried out in Wintrobe hematocrit tubes. 

Hematocrits were determined with Wintrobe tubes, spun at 3,000 r.p.m. for thirty 
minutes in an International Equipment Company centrifuge, size I-SB, head No, 240. 


CALCULATIONS 


Since the percentage of the total available supernatant and white cells recovered in 
each experiment was of importance, several calculations were made. 

The total available supernatant was taken as the sum of the volume of diluent (in 
milliliters), and the volume of plasma in the whole blood added, as determined from the 
hematocrit. 

The total available white cells were taken as the product of the volume of the diluted 
whole blood (in cubic millimeters) times the white cell count (in units of 1 x 103) of 
that blood. Thus the total white cells in 20 ml. of normal human blood ranged from 
100 to 150 million. 

The percentage of supernatant recovered was the volume (in milliliters) removed 
(without disturbing the sedimented red cells), divided by the calculated total available 
supernatant. 
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The percentage of white cells recovered was the volume (in cubic millimeters) of 
the removed supernatant, times the white count of that supernatant, divided by the 







calculated total available white cells. 

In many experiments, the supernatant and sedimented red cells remaining after the 
first withdrawal of supernatant were mixed, the volume was recorded, and white cell 
counts were done thereon for calculation of the percentage of total available white cells 
not recovered in the supernatant. Theoretically, the sum of this percentage value and 
that of the per cent recovered in the supernatant, or total cells recovered, should equal 








100 per cent of the total cells available. 

This procedure constitutes a check on the validity of the value for percentage of 
white cells recovered. The data obtained are included in Table I. Values for the total 
cells recovered, lying within the range of from 90 to 110, were taken to be significant, 
inasmuch as the limit of error of the white cell counting and volume measurements was 








at least + 10 per cent. 

Red cell counts were also done on the removed supernatant in many instances, to 
obtain an approximate idea of the ratio of red cells to white cells in the removed super- 
natant in comparison with the original ratio of red to white cells in the whole blood. 

For comparing erythrocyte sedimentation rates in serial studies in which the effect 
of one variable only was studied, results were expressed in terms of per cent of packing of 
maximum of red cells. This value was computed by dividing the distance (in millimeters) 
through which the red cells had fallen at a given time by the distance traveled by the red 
cells after centrifuging at 3,000 r.p.m. for thirty minutes. 











RESULTS 






The results of all experiments are summarized in Table I, grouped accord- 
ing to the particular one of the four variables under study. 

In the first group, the factor F ranged from 1.0 to 9.6, while C was held 
within a range of from 0.29 to 0.42, averaging 0.34. Eighteen experiments on 
blood from eight donors were included. It is clear that as the concentration of 
fibrinogen was increased, the sedimentation rate of the red cells became pro- 
gressively accelerated. It is also apparent that a sharp increase in the rate 
occurred at the twenty-minute period when F was at about 6; that between the 
range of 6.2 and 6.7, the extent of fall of red cells was about the same through- 
out the remainder of the observation period of eighty minutes; and that after 
sixty minutes, settling was virtually complete. Above F values of 7 clumping 












of leucocytes occurred in the supernatant. 

This relationship is more clearly shown in Fig. 1 in which all blood speci- 
mens were from the same donor. The F values ranged from 1.0 to 9.2, and the 
© values from 0.30 to 0.37, and all sedimentations were done at 24° to 25° ©. 
The data are expressed as percentage of maximum packing of the red cells. 

Normal plasma has a fibrinogen content of about 3 mg. per milliliter. At 
an F value of about 9, 90 per cent of maximum packing was reached in sixty 
minutes, and at a value of about 6, 60 per cent of maximum packing was reached 









in sixty minutes. 

In the second group, the factor of dilution was varied in that C values 
ranged from 0.24 to 0.82, the F values being held between 6.2 and 6.9, and all 
experiments were done at 23° to 24° C, The © value of normal whole blood is 
about 0.8. As this ratio was reduced by dilution, the sedimentation rate of the 
red cells was accelerated, the most rapid rates being observed at the highest 
dilutions. 
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A series of experiments done on blood from one donor are summarized in 
Hig. 2. The per cent of maximum packing attained is increased as the ( value 
is lowered, the effect being particularly notable in the early phase of sedimenta- 
tion, or from ten minutes on. 


EFFECT OF FIBRINOGEN 
ON ERYTHROCYTE SEDIMENTATION 
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Fig. 1.—Effect of fibrinogen on erythrocyte sedimentation. Increasing the concentration 


of fibrinogen accelerates sedimentation of erythrocytes and increases the per cent of maximum 
packing. 


EFFECT OF CELL-SUPERNATANT RATIO 
ON ERYTHROCYTE SEDIMENTATION 
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Fig. 2.—Effect of cell-supernatant ratio on erythrocyte sedimentation. Increasing dilution 
accelerates sedimentation of erythrocytes and increases the per cent of maximum packing. 

In the third group, temperature was varied from 4° to 37° C., and the 
values ranged from 6.2 to 6.7. Three values of C were used in the ranges of 
0.3, 0.5, and 0.65. Marked retardation of the red cell sedimentation rate was 
observed at 4° C. There appeared to be little difference in the sedimentation 
rates at 8°, 12°, and 16° C., as compared with values observed at room tempera- 
ture, but the results may be influenced by the higher © values used in the room 
temperature experiments. 
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The effect of varying temperature is more clearly shown in Fig. 3, in which 
all blood samples were taken from the same donor and in which both F and C 
values were constant at 6.3 and 0.32 respectively. In this series, the percentages 
of maximum packing attained were practically identical at 24°, 20°, and 16° C. 
and only slightly retarded at 12° C. Below 12° C. packing was slowed further, 
the most pronounced retardation being at 4° C. 


EFFECT OF TEMPERATURE 
ON ERYTHROCYTE SEDIMENTATION 
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Thus it is evident that the sedimentation rate of erythrocytes is accelerated 
by both increasing fibrinogen concentration and dilution and is reduced by 
lowering temperature below 12° C. 

Inspection of the data in Table I and Figs. 1 to 3 demonstrates that the 
more nearly the volume of sedimented red cells approaches maximum packing, 
the greater will be the proportion of total supernatant that can be removed. 
Since the leucocytes settle more slowly than red cells, because of their lower 
specific gravity and the fact that they are not aggregated by fibrinogen, it would 
seem evident that there must be an optimal combination of fibrinogen concentra- 
tion and dilution at which the differential effect on sedimentation rate of the 
two classes of cells is greatest. The range of these two variables at which the 
highest recovery of white cells in the removed supernatant was obtained is 
shown in Fig. 4. The optimal range of fibrinogen lies between F' values 6 and 
7, and of dilution between C values of from 0.3 to 0.5, corresponding to hemato- 
crit values for the blood-Fraction I mixture of from about 26 to 33. 

Provided that the optimal per cent of red cell packing is attained to allow 
removal of the maximum amount of supernatant, it follows that the percentage 
of total leucocytes recovered in the removed supernatant will be to a great ex- 
tent determined by the time at which the supernatant is drawn off. 

In Table I, Group IV, the supernatant was removed at intervals of from 
20 to 220 minutes, the F and © values ranging from 6.3 to 6.5 and 0.33 to 0.37 
respectively, and all experiments were done at 24° C. It is apparent from these 
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data, and those in Groups I and II, that maximum white cell recovery is ob- 
tained when the supernatant is withdrawn at less than sixty minutes, and that 
the yield diminishes rapidly as the time of withdrawal is prolonged. 


EFFECT OF FIBRINOGEN 


CONCENTRATION AND DILUTION 


ON WHITE CELL RECOVERY 
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Fig. 


4.—Effect of fibrinogen concentration and dilution on white cell recovery. 


The fig- 


ures show the optimal range for values F/C at which the maximum recovery of white cells 


is obtained. 
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Fig. 5.—Relationship of time of sedimentation to per cent of supernatant and white 


cells available. 


Supernatant is drawn off after fifty minutes of sedimentation. 


The optimal yield of both supernatant and white cells is obtained when the 


Fig. 5 shows the relationship of per cent of red cell packing, per cent of 
total supernatant recovered, and per cent of total white cells in the supernatant, 


plotted against time. 


It is obvious that the time at which maximum recovery 
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of white cells will be obtained is represented on the graph by the point of inter- 
section of the curve of per cent supernatant recovered and the per cent of white 
cells in the supernatant. In this series, this point lies at about fifty to sixty 
minutes after the beginning of sedimentation. The ranges of the four variables 
required to effect maximum recovery of white cells can, therefore, be defined 








as: 





Kk = 6.0 to 7.0 mg. per milliliter, 

C = 0.3 to 0.5, 

Temperature = 12° to 37° C. 

Time of removal of supernatant = 40 to 60 minutes. 
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Fig. 6.—Differential sedimentation rate of separated leucocytes Due to their higher 
specific gravity, granulocytes settle out of the supernatant more rapidly than do leucocytes. A 
partial separation of the two classes of cells cen be made by this means. 











DISCUSSION 

We have used the technique described in a large series of both canine and 
human blood samples. Recoveries of white cells are routinely in the range of 
from 75 to 85 per cent. While some red cells remain in the supernatant, the 
ratio of red to white cells rarely exceeds 3 to 1, usually being about 1 to 1. 
These red cells may be counted accurately with standard techinques. 

Leucocytes obtained by this technique retain their normal staining proper- 
ties when stained with Wright’s stain. The polymorphonuclear leucocytes ac- 
tively phagocytose bacteria (streptococci). When still in suspension in the 
supernatant, they are not clumped and can be readily counted with standard 
hemocytometer techniques. 

Canine leucocytes tagged in vivo with Zn®, separated from whole blood by 
this technique, have been infused, suspended in the supernatant, into recipient 
dogs. These cells have been identified in the recipient animal’s circulating 
blood for as long as forty-eight hours. 
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When allowed to stand at room temperature, the leucocytes slowly settle 
out. The sedimentation rate of the polymorphonuclear cells is slightly more 
rapid than that of the lymphocytes, as illustrated in Fig. 6. This fact may be 
taken advantage of in effecting a separation of the two classes of cells. If the 
upper one-third of the fluid is carefully withdrawn after from two to two and 
one-half hours, the contained cells will be predominantly lymphocytes. This 
method has, however, not been too successful in our hands. 

A fairly satisfactory separation may be made by layering the supernatant 
onto an iso-osmotic solution of albumin of specific gravity 1.068 and centrifuging 
slowly (less than 1,000 r.p.m.). The upper layer of cells consists of about 90 
per cent lymphocytes, the lower layer of about 90 per cent polys. The cen- 
trifugal force clumps both classes of cells, and we have found no satisfactory 
way of separating the cells once they have clumped. 

The recovery of all of the white cells from the fibrinogen-plasma super- 
natant by centrifuging, even at low speeds, results in some deterioration of the 
cells, as indicated by distorted morphology and inability to phagocytose. The 
technique has been adapted to quantities of blood up to the usual blood donation 
of 500 ¢.c. in standard Fenwal blood donor flasks. Recoveries of white cells in 
these large containers are also in the range of 75 to 85 per cent. Leucocytes 
separated from these large collections, twice washed in saline, frozen, and 
shipped several hundred miles have still been found suitable for certain chemical 
studies, notably the activity of the enzyme verdo-peroxidase.' 


The viability of human erythrocytes obtained by this method has been 
studied in vivo by Emerson? by the Ashby technique. He found no change in 
posttransfusion survival in comparison to control transfusions of red cells 
drawn as whole blood in A.C.D. 


We wish to acknowledge the technical assistance of Miss M. Elizabeth Hickey and 
Miss Barbara A. MacDonald. 
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TRACER IRON DISTRIBUTION STUDIES IN IRRADIATED RATS 
WITH LEAD-SHIELDED SPLEENS 


R. L. Hurr, M.D.,* W. F. Beruarp, M.D., J. F. Garcra, M.A., 
B. M. Roperts, B.S., L. 0. Jacopson, M.D., anp J. H. LAWRENCE, M.D. 






INTRODUCTION 






HE development of ectopic erythropoiesis in the lead-protected spleens of 

mice after whole body exposure to x-radiation was first demonstrated in 
1949-4 Animals having lead shield protection of only their spleens were sub- 
jected to dosages of x-radiation in the LD 50/28 day range, and above, as were 
animals having no such protection. Within a few hours after whole body irra- 
diation, increased erythropoietic activity could be observed microscopically in 
the protected spleens, whereas in the spleens without lead protection the usual 
massive destruction and atrophy were seen. Animals of the former groups 
failed to show the marked anemia which occurred after approximately ten days 
in the totally irradiated group. Red blood counts, hemoglobin values, and 
hematocrit levels were sustained at ranges comparable to the nonirradiated con- 
trols, apparently as a result of the rapid development of ectopic blood forma- 
tion in the spleen and a more rapid recovery of the bone marrow. Survival 















percentage was increased by spleen protection, and, in general, those animals 
appeared to be more healthy throughout the entire postirradiation course. 

In view of the foregoing observations, it was thought pertinent to investi- 
gate by radioiron time-distribution studies the extent of such extramedullary 
erythropoiesis. It was expected that deviation from normal wou!d reflect al- 
terations in erythropoiesis. Thus two groups of rats were given 500 r x-ra- 
diation. In one, spleens were surgically exposed but not protected; in the 










other, exteriorized spleens were placed in lead chambers. Additional animals 
were employed as normal and operated controls. Three days after irradiation 
each animal received an intravenous tracer dose of Fe’. Members of the vari- 
ous groups were sacrificed at time intervals thereafter, and specific tissues were 
analyzed for radioactive iron, as well as for total iron. 







METHODS 










Female Curtis Dunning rats, having an average weight of 250 grams, were divided 
into four groups as indicated in Table I. Group I, composed of sixteen animals, served as 
the control. These animals were neither operated upon nor irradiated. The animals of 
Group II, also sixteen, were subjected to a sham operation in which the spleen was exteriorized 
as in the experimental animals, but they were not irradiated. Group III, twenty-four ani- 
mals, received whole body irradiation of 500 r with their spleens exteriorized but not lead 
Group IV, also twenty-four animals, was given 500 r whole body x-irradiation, 












protected. 
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TABLE I. CATEGORIES INTO WHICH ANIMALS WERE DIVIDED FOR PURPOSES OF THE PRESENT 
EXPERIMENT 








| | LEAD 





| NUMBER | SURGICAL PROTECTION OF | WHOLE BODY 
| OF | EXTERIORIZATION EXTERIORIZED | X-RADIATION 
GROUP | ANIMALS | OF SPLEEN SPLEEN (500 R) 
a | 16 No No No 
II 16 Yes No No 
III 24 Yes No Yes 
IV 24 Yes Yes Yes 








but the spleen, which was exteriorized, was placed in a lead chamber during irradiation. 
The design of the lead chamber was similar to that used for mice in previous experiments,? 
except that it was modified appropriately for rats. Radiation conditions were as follows. 
Kach animal was exposed singly with an accompanying Victoreen ionization chamber which 
had been found to give a constant fraction of the 500 r air dose rate in the position 
corresponding to the animal. X-radiation was generated at 180 kv., 13 Ma., with a rate of 
70 r per minute, and tube distance of 25 centimeters. Two filters were used: copper, 1.1 
mm., and aluminum, 1.2 millimeters. 

Three days after irradiation all animals were given intravenously 1 wg of iron con- 
taining 1.5 x 105 counts per minute of Fe59.* Counting efficiency was approximately 15 per 
cent. The iron was prepared for injection in the following manner. To an acid solution 
of ferric chloride, sufficient saturated solution of sodium citrate was added so that the pH 
was brought approximately to 6.0. Chlorophenol red was used as an indicator. 

Two animals of Groups I and IIL and three animals of Groups III and IV were sacri- 
ficed at the following times after injection of iron: 144, 3, 6, 10, 15, 24, 48, and 96 hours. 
Immediately prior to killing, the red cell mass was determined in each animal according to a 
method previously described,5 by injecting 0.1 ml. of P82 tagged, compatible, red cells sus- 
pended in saline. 

At the time of sacrifice the animals were anesthetized with ether, the abdomen was 
opened, and approximately 5 ml. of blood were collected from the inferior vena cava in a 
heparinized syringe. Both jugular veins were then incised, and the animal was perfused 
via the inferior vena cava with 25 to 40 ml. of isotonic saline. The liver and spleen were 
removed and weighed. An aliquot of the liver was analyzed for radioactivity. The liver 
aliquot from only one animal of each group at the respective times was analyzed for total 
iron. In such an instance the same sample was used for radioanalysis following the iron 
determination. The spleen was treated similarly except that the entire organ was used. The 
marrow from all bones of both hind legs was collected with a spatula after removal of part 
of the cortex by grinding. These marrow samples were placed on a small piece of filter paper 
and weighed immediately. Approximately 90 mg. were collected from each of the control 
animals; however, in the irradiated rats only about half this amount was available because 
of replacement by markedly dilated venous sinuses. 

An aliquot of the whole blood was taken for the radiophosphorous red cell mass deter- 
minations. The remainder of the blood, in a 15 ml. graduated centrifuge cone, was spun for 
one-half hour at 3,000 r.p.m. in an International centrifuge (size 2), and the amounts of 
blood, plasma, and packed cells were recorded. One milliliter of plasma was taken for total 
iron analysis, and this was subsequently analyzed for radioiron, The entire sample of packed 
cells in addition to the remaining plasma was analyzed for radioiron. Total radioactivity of 
red cells was calculated by subtracting from the value for radioactivity of the mixture the 
calculated value for radioactivity of the retained plasma. 


Plasma iron determinations were done by the method of Kitzes and co-workers,® modi 


fied for 1 ml. aliquots. The tissue iron determinations were carried out by the same procedure 








*The tracer iron was from a special pile bombardment of enriched iron,* About 5 per 
cent of the radioactive atoms were iron®, This was supplied by the Atomic Energy Com- 
sion, 
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except that the samples were ashed in concentrated sulphuric and perchloric acids before 
reduction and color development. 

The method used for radioiron analysis was the modification of Peacock’s method de- 
scribed by Berlin and co-workers.5 It consisted of wet-ashing the tissues, precipitating, and 
electroplating the iron upon a copper disk. Carrier was added before precipitation to the 
extent that 10 mg. were present for electrodeposition. 

There was no intent to account for all radioactivity administered. The chief purpose 
of the experiment was to study those tissues (liver, spleen, marrow, plasma, and red cells) 
which were known to include the major portion of the iron in the body. 

Calculations of the per cent of the Fe59 dose found in cells and in plasma were based 
on the total red cell mass and plasma volume as determined by the P32 method. 

The assumption that bone marrow constitutes 1.2 per cent of the body weight in normal 


rats is based on work now in progress. 
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Fig. 1.—Per cent weight change, during course of experiment, of normal rats, of non- 
irradiated rats having surgically mobilized spleens, and of rats exposed to 500 r whole body 
x-radiation (both with and without lead protection of the spleens). 





RESULTS AND ANALYSIS OF DATA 


In the entire course of the experiment no animal died before it was inten- 
tionally sacrificed. Both groups of irradiated animals showed the usual signs of 
acute radiation illness. All animals were weighed at the beginning of the ex- 
periment and at the time of sacrifice, but the latter values were used for any 
calculations involving normalization with respect to body weight. Weight loss 
of the animals in the irradiated groups was not significantly altered by spleen 
protection (see Fig. 1). There was no evidence of gross hemorrhage in any of 
the animals. The packed cell volumes and the red cell masses showed no sig- 
nificant changes. 

Figs. 2, 3, 4, and 5 illustrate the per cent of the injected tracer which 
was present in the tissues of the respective groups as a function of time after 
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injection and irradiation. The data from the normal controls and the operated 
controls were not significantly different; thus the graphs, in the case of nor- 
mal animals, are plots of the average values of four animals at each time 
period. In the other instances, i.e. whole body irradiation and whole body irra- 
diation with spleen protection, each point represents the average values of 
three animals. 

Fig. 2 shows the extreme differences in the accumulation of tracer iron 
in the red cells of the respective groups. The rise in concentration in the nor- 
mal animals to values representing approximately 50 per cent of the tracer 
dose has been demonstrated by other investigators.’ The deviations from a 
simple growth curve (f(t) = 1 — e*') of the accumulation of the tracer in red 
cells in the normal as well as in the irradiated animals during the first few 
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Fig. 2.—Per cent of Fe™ appearing in red cells, expressed as a function of time after a 
single intravenous injection, in control rats, in rats subjected to 500 r whole body x-radiation, 
and in rats having mobilized spleens protected with lead during exposure to 500 r whole body 
x-radiation. 
hours are thought to be significant. Until further work has been done, how- 
ever, the interpretation of such deviations must remain purely speculative. In 
the red cells of the irradiated group whose spleens were not protected there 
was a small rise in concentration of tracer which reached its peak in three hours 
but which was maintained for only a few hours thereafter. This rise followed 
a corresponding rise and fall in the tracer concentration of the marrow (see 
Fig. 3). The red cells of the animals having protected spleens showed a 
marked increase in concentration of tracer as compared with the animals hav- 
ing irradiated spleens; however, their content did not approach the value of 
the controls, and there was a slight tendency, as in the case of the animals whose 
spleens were not protected, for the concentration to diminish. The remarkable 
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difference in the three groups is demonstrated by comparing the values at 
ninety-six hours. At this time the per cent of tracer in the red cells of the 
controls was greater by a factor of 60 than the per cent in red cells of the group 
not having the spleen protected; whereas, the factor was reduced to 6 when 
compared with the spleen-protected group. 
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Fig. 3 as well as Table II illustrates the per cent of the tracer present in 
the bone marrow of the respective groups as a function of time after injection 
and after irradiation. It is not thought that the value 1.2 per cent of body 
weight is an accurate estimate of the marrow volume in the irradiated groups 
of animals. In the collection of marrow from such irradiated rats it is grossly 
apparent that the cavity, which is ordinarily filled with marrow, is only one- 
half or less occupied; thus, the data in Table II and Fig. 3 for the per cent of 
the tracer in the marrow of radiated animals is possibly too high. The method 
by which marrow volume was computed for normal rats depends upon the 
postulation of a physical model, and the solution of a series of simultaneous, 
differential equations. This method, as well as the data, is to be reported 
separately. Attention is called to the interesting observation that the marrow 
of the spleen-protected animals was able to accumulate more tracer than that 
of the nonprotected animals. The time relationship of the two marrow concen- 
trations is distinctly similar but not the same as the normal. It should be 
noted that the ninety-six hour point of the normal marow is distinctly lower 
than the same values for the irradiated animals. 
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E Fig. 4.—Per cent uptake of Fe™® in liver, expressed as a function of time after a single 
intravenous injection, in control rats, in rats exposed to 500 r 
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PER CENT DISTRIBUTION OF TRACER IN TISSUES OF NORMAL RATS, IN Rats 
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TRACER 
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PER CENT OF INJECTED DOSE 








INJECTION TYPES OF ee ee VEN 1 Oe, 

(JiR. ) ANIMALS PLASMA | R.B.C. | SPLEEN | MARROW | LIVER | TOTAL 
Controls 23.40 3.28 0.44 20.00 7.13 53.95 

1.5 Radiated 35.20 4.12 0.44 11.00 8 35 59.11 
Radiated-protected 39.10 2.70 2.47 9.00 8.76 62.03 

Controls 9,29 9.91 1.10 59.80 $75 88.76 

3 Radiated 29.10 6.63 0.54 9.50 19.07 64 84 
Radiated-protected 26.50 3.07 6.63 17.50 12.23 65.93 

Controls 4.80 11.93 1.16 54.90 13.96 86.85 

6 Radiated 22 90 2.07 0.65 6.00 29.40 61.02 
Radiated-protected 18.80 2.96 6.25 10.00 23.86 61 87 

Controls 2.10 10.24 LZ 46.20 14.74 74.36 

10 Radiated 6.90 0.41 0.96 7.00 30.08 45.35 
Radiated-protected 3.20 4.10 6.32 9.50 18.96 42.08 

Controls 2.90 20.20 2.12 46.10 10.00 $132 

15 Radiated 3.20 0.46 (0.72 8.00 32.55 44.93 
Radiated-protected 2.80 7.80 4.54 14.00 25.02 54.16 

Controls 0.50 29 93 1.79 43.70 15.16 $1.08 

24 Radiated 1.80 0.30 1.24 7.70 35.71 46.75 
Radiated-protected 1.70 12.80 2.95 12.00 28.30 d7.75 

Controls 0.30 49.02 1.66 20.60 16.36 $7.94 

48 Radiated 0.50 0.07 0 80 7.90 45.27 54.54 
Radiated-protected 0.50 11.85 2.47 11.80 38.00 64.62 

Controls 0 20 48.10 1.90 5.40 15.09 70.69 

96 Radiated 0.50 0.08 0.95 8.00 56.13 65.66 
Radiated-protected (0.20 8.46 2.13 8.00 42.47 61.08 
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Fig. 4 illustrates the marked difference in the accumulation of tracer in 
liver of the three groups. At ninety-six hours approximately four times as 
much tracer was present in the liver of the irradiated, nonprotected animals as 
was in the livers of normal animals; however, the amount in the livers of the 
animals having the protected spleens was only three times as great as the 
normal. 
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Fig. 5.—Per cent of Fe™ in spleen, expressed as a function of time after a single intra- 
venous injection, in control rats, in rats exposed to 500 r whole body x-radiation, and in rats 
with lead-protected spleen exposed to 500 r whole body x-radiation. 

If the fifteen-hour point for liver is excluded from the control values, the 
function approximates a simple growth curve ({(t) = 1 — e*') with a one-half 
period of one and one-half hours. This is also approximately the time constant 
for the passage of tracer out of plasma. Knowing these values, as well as the 
average plasma iron concentration, 2.94 pg per milliliter (see Fig. 6), and the 
average plasma volume, 5.7 ml., an estimate of the average amount of iron enter- 
ing and leaving the liver per unit time can be made from the following formula: 


. ~~ 

In : Fe, P, 
at ° ° 

= micrograms per hour entering and 


(0.16) 
leaving liver 


t 
where In is the natural log, a, is the concentration of tracer in the plasma at 
an extrapolated zero time period, a, is the plasma tracer concentration at some 
arbitrary time (it is the elapsed time between the two times for which the 
values of the concentration were taken), Fe. is the iron concentration in plasma, 
P, is the plasma volume, and the constant, 0.16, is the fraction of the plasma 
iron which is going to liver. This fraction is determined by inspection of the 
graph in this instance because the turnover of liver iron is so slow that ihere 
is only a very small fraction lost during the period of consideration. The 
computed value is 30 pg per day. 
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The remarkable capacity of the protected spleens to accumulate and dis- 
charge tracer at approximately the same rate as the normal marrow is shown 
in Fig. 5 and Table II. This is in contradistinction to the curves for normal 
and radiated spleens which showed the capacity to accumulate a small amount of 
tracer and to turn it over at a relatively slow rate, more like the normal liver. 

















| group «0 
AVERAGE 

oe ! RADIATED 500 R 

PY (total body) 

d 1 

3 

i, iy 

1 

sl 3.30 
wo F RADIATED 500 R 
= 4 (tote! body) 
= sl SPLEEN PROTECTED 
z 4 
“X | 
oN cS 
a 2.94 
2+ ! 
s t NORMAL ANO OPERATED 
> a | CONTROLS 
2 1 

6 \ 

5 

4 

3 

2 

y 

(7 20 23 26 29 3f 35 38 4) 44 47 50 53, 





PLASMA Fe (micrograms /m!) 


concentstichig Wh Sonn rake ate ace enn ingens, nee, adn Hat 
with lead-protected spleens exposed to 500 r whole body x-radiation. 

It is presumed that this increased iron turnover represents erythroid meta- 
plasia in an otherwise normal spleen. Fig. 6 is a frequency polygon of the 
plasma iron concentrations. The mean value for the normal rats was 2.9 pg per 
milliliter, for the irradiated animals 4.1 pg per milliliter, and for the animals 
irradiated with spleen protected 3.3 pg per milliliter. 

The mean values for total iron in liver of control, irradiated, and irra- 
diated-protected rats were 938, 931, and 1,107 pg in the order named. Simi- 
larly, values for spleen were 493, 581, and 731 pg respectively. Iron deter- 
minations on marrow (micrograms per gram marrow) were 92, 223, and 243. 
Inasmuch as the actual amount of marrow in the irradiated and irradiated-pro- 
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tected groups was grossly less than in the normal, it is thought that their higher 
concentrations do not necessarily indicate a greater amount of iron in the total 
marrow. 
Number of atoms of tracer Fe | 
In the control rats, the specific activity, i.e. (— )) 





Number of atoms of Fe 


in the liver, red cells, and plasma was almost identical at ninety-six hours. 
The marrow had a slightly higher specific activity, but the amount of tracer in 
marrow at this time was so small that it would not significantly change the spe- 
cifie activity of cells were it all present in cells. In contrast, the specific activ- 
ity in spleen was less than that in liver, red cells, and plasma at ninety-six 
hours. Although only the tissues indicated were analyzed for tracer, it was 
thought that a calculation of total iron in the animal body was feasible. This 
would necessarily be based on the assumption that specific activity in the un- 
sampled tissues was approximately that of cells, plasma, and liver. The aver- 
age value for normal rats was 9.3 mg., and the calculation was as follows: 
Fe59 injected : : 
Fe50/Fe in sample ~ Fe animal. 

This, of course, assumes no excretion during the ninety-six hours, an assump- 
tion which may be erroneous. 

Table II indicates that the per cent of tracer accounted for in the tissues 
analyzed of control animals ranged from 53 to 88 per cent. If the one and 
one-half hour value is excluded this range becomes 71 to 88 per cent. In the 
irradiated, unprotected animals the range was 45 to 66 per cent; while in the 
group having protected spleens it was from 42 to 66 per cent. 


DISCUSSION 


The point of main interest is the remarkable capacity of the spleen to un- 
dergo functional metaplasia, as indicated by alterations in iron metabolism, 
within three days following x-irradiation of all other parts of the body. The 
time concentration relationship of tracer iron of the metaplastic spleen is al- 
most identical to that manifest in normal marrow. The higher values for 
tracer iron in the protected spleens of the irradiated animals corresponds to the 
increased amount of total iron. That this conversion of iron metabolism in the 
protected spleens is associated directly with red cell formation seems entirely 
credible, inasmuch as the concentration of tracer in red cells of these animals 
becomes significantly high. No determinations of the tracer in isolated hemo- 
globin or hematin were carried out; therefore, it is possible that the presence 
of the tracer did not necessarily indicate hemoglobin synthesis. Under similar 
conditions in rats, i.e. spleen protection and whole body irradiation, but with 
higher doses of x-radiation (700 r), it has been possible to demonstrate his- 
tologically increased ectopic hematopoiesis in the spleens. The concentration 
of tracer in red cells in the spleen-protected animals indicates an accumulation 
of iron which is almost 30 per cent of normal. 
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The more or less complete failure of tracer to appear in the red cells of 
the irradiated, nonprotected animals was to be expected, inasmuch as it has 


been previously demonstrated morphologically that in two to three days fol- 
lowing large doses of radiation the erythroid elements of marrow are almost 
absent,” 1° and that with the exception of reticulocytes" there is no exchange 
between iron in plasma and iron in red eells.’* The failure of red cell produc- 
tion in irradiated, nonprotected animals, as evidenced by lack of appearance 
of Fe°® in red cells, might be difficult or impossible to detect in rats at the 
times indicated were it not for the sensitivity of tracer methods. 

The evanescent rise in concentration of radioiron within the red e¢ells of 
the irradiated animals during the first few hours is thought to be associated 
with the presence of cells in the marrow which are able to accumulate iron, 
but which are improperly formed in some respect so that their longevity in 
peripheral blood is decreased. Another possible explanation is that some agent 
actually attacks these newly formed cells so as to lead to their destruction. 
However, in the absence of knowledge of any such agent, and with the prevail- 
ing well-known evidence of morphologic abnormality in the erythroid series, 
the former postulate seems the more likely. 

The greater rate of uptake and the higher concentration of tracer in the 
marrow of the spleen-protected animals as compared with the nonprotected ani- 
mals suggests that protection of only the spleen may result in a favorable in- 
fluence upon marrow recovery. The fact that protected animals lost the same 
percentage of their body weight and appeared just as ill after irradiation as 
the nonprotected ones indicates the possibility that this effect may be a specific 
one. 

An opposite interpretation must also be entertained. There is nothing to 
eliminate the eventuality that an abnormal spleen (made so by irradiation) 
might be depressing marrow recovery, so that the curve of the irradiated-pro- 
tected animals is actually the true one. In this case the situation might be 
considered analagous to clinical ‘‘hypersplenism.”’ 

The fact that iron metabolism in the spleen is so greatly altered after 
irradiation of the remaining tissues and that this occurs in the presence of a 
normal hematocrit and red cell mass is thought to be of extreme interest. What- 
ever the stimulus, it is apparently not one of red cell destruction or anemia. 
Postirradiation blood-oxygen saturation studies were not done. The possibility 
that the phenomenon is related to a rise in the concentration of chemical hema- 
topoietic precursors in plasma consequent to a receptive failure by the marrow 
should be entertained. With such consideration the question arises as to the 
potentiality of tissues in other parts of the body to undergo similar metabolic 
hyperplasia as well as morphologic metaplasia when they alone are protected 
from irradiation. 

The rather great abnormality of iron distribution in these irradiated ani- 
mals was manifest by only a slight change in the usual plasma iron concentra- 
tion. The rise in concentration apparently occurred because of inability of the 
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liver and other tissues serving as storage function to compensate completely for 
the failure of bone marrow to utilize its usual half of the plasma iron turnover. 
On the other hand, it is of interest that liver accumulation of iron under the 
circumstances is apparently very little impaired, even though that tissue had 
been subjected to 500 r x-radiation. The fact that the total iron in the livers 
of the irradiated animals was not higher than in the controls in the face of a 
higher and even increasing concentration of tracer iron is an indication of the 
very high specific activity of plasma iron during the short period of observa- 
tion. Yet this does not appear to be sufficient explanation, and it may be that 
there is an additional excretory function. 

The marked variation in the amounts of tracer accounted for in the three 
groups was not anticipated. Two possibilities seem apparent: one, that a defi- 
nite and greater than normal excretion of iron occurred in the irradiated ani- 
mals; two, that there is simply a loss of distributive direction and that the tracer 
would be found indiscriminately in all tissues, were they analyzed. It is also of 
interest that in the control animals at one and one-half hours only 54 per cent of 
the tracer could be accounted for; yet at each time thereafter, much more was 
found. This suggests the possibility that unconjugated iron rapidly diffuses 
into extracellular spaces and is distributed, as it were, indiscriminately ; then, 
as the normal globulin-iron complex'*'’ is formed, a definitive distribution 
ensues. Thus it is possible that the manifest deficit of tracer in the irradiated 
animals may have occurred because of failure in the formation of a normai 


protein-iron compound. 
SUMMARY 


A serial distribution study after a single intravenous injection of Fe’? was 
carried out in rats three days after 500 r whole body x-irradiation. Half of the 
‘ats were irradiated with their spleens exteriorized and protected. Appropriate 
controls were maintained. 

The animals having protected spleens showed a time-concentration rela- 
tionship of tracer iron in the spleen which was almost identical to that of the 
bone marrow of control animals. Such was not found in those animals which 
received the same amount of irradiation without spleen protection. 

The red cells of the spleen-protected animals showed a significant concen- 
tration of tracer iron in contrast with those of the irradiated nonprotected 
animals. 

The livers of the irradiated, nonprotected animals accumulated four times 
as much tracer iron as the controls, but the irradiated, spleen-protected animals 
accumulated only three times as much. 

The bone marrow of the irradiated, nonprotected animals contained very 
little Fe*® at any time; yet the animals with protected spleens demonstrated 
the capacity to accumulate the tracer in their marrow. 

Methods are described for computing the liver iron turnover and the total 
body iron content. Corresponding values are given for normal female rats 
of the Curtis Dunning strain. 
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THE ZINC TURBIDITY TEST AND ITS CLINICAL APPLICATION 


Rup1i SCHMID 
MINNEAPOLIS, MINN. 


INTRODUCTION 


HE elevation of the total serum globulin in cases of liver disease is thought 


by many to be related chiefly to an increase of the gamma globulin fraction. 
Until recently none of the commonly used liver function tests had been shown 
to parallel the concentration of the gamma globulin fraction as obtained by the 
electrophoretic or the salting out method. The thymol turbidity test and the 
cephalin-cholesterol flocculation test, for example, are markedly influenced by 
alterations in the albumin and the lipoid-carrying beta globulin fractions, the 
cholesterol, and the total lipids.%* 141616 

In 1947, Kunkel® developed a simple turbidimetric method for the estima- 
tion of gamma globulin in the serum. The values obtained appeared to parallel 
the electrophoretically determined serum gamma globulin fraction to a large 
extent. Kunkel obtained satisfactory results with either a CuSO, or ZnSO, 
solution of low ionic strength, buffered at a pH of 7.5. Maher and associates*’ 
and Steigmann and Popper '*'? have evaluated this method in the differential 
diagnosis of various diesases of hepatic and nonhepatie origin. 

The purpose of the present study is: (1) to determine the degree of cor- 
relation of the values of the zine turbidity test as obtained by Kunkel’s method 
with the serum gamma globulin fraction as obtained by salting out procedure 
in the sera of apparently healthy people and of various patients with and with- 
out liver disease; (2) to contrast the zine turbidity values with the cephalin- 
cholesterol flocculation and thymol turbidity values in patients with hepatic 
and nonhepatie diseases; (3) to evaluate the merit of the zine turbidity test in 
the differential diagnosis of medical and surgical jaundice; (4) to study the 
correlation of the zine turbidity values with the prompt and delayed reacting 
serum bilirubin. 


MATERIAL AND METHODS 


The values of the serum gamma globulin fractions were determined in nine laboratory 
technicians, twenty-six adult blood bank donors, and sixty-four patients with various hepatic 
and nonhepatic diseases. The results were compared with the simultaneously performed zine 
turbidity values as obtained by Kunkel’s method. The zine turbidity test was also performed 
in 159 patients who did not exhibit any clinical evidence of liver disease and whose serum 
bilirubin, cephalin-cholesterol flocculation, and thymol turbidity tests were within normal 
limits. Bromsulfalein retention tests, carried out in fifty-four of these patients, gave normal 
values. Normal hepatic histology was demonstrated in twenty-one patients by liver biopsy 
secured either at operation or by needle aspiration. 
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In 164 patients with clinical and /or laboratory evidence of liver dysfunction the zine tur- 
bidity values were contrasted with those obtained by the thymol turbidity and cephalin- 
cholesterol flocculation tests. Ninety-seven of these patients had elevated thymol turbidity 
and/or cephalin-cholesterol values, twenty-six patients had only an abnormal bromsulfalein 
retention, and forty-one had only an elevated serum bilirubin value. 

In 355 patients with various hepatic and nonhepatie diseases the 1 min. and the total 
minus 1 min. serum bilirubin values were determined and compared with the simultaneously 
performed zine turbidity test. In evaluating the merit of the zine turbidity test in the dif- 
ferential diagnosis of medical and surgical jaundice, fifty-seven patients with a 1 min. or 
prompt direct reacting serum bilirubin above 0.4 mg. per 100 ml. and a total serum bilirubin 
above 2.0 mg. per 100 ml. were selected. 

In all of the cases in this study only the initial laboratory determinations obtained shortly 
after hospital admission have been considered, 

The zine turbidity test was performed according to the technique described by Kunkel; 
the values were expressed in units as determined by the CuSO4 standard curve of the thymol 
turbidity test.8 All the zine turbidity tests analyzed in this study were performed by a single 
laboratory technician. In accordance with Maher, who has studied the values of the zine 
turbidity in a series of 236 blood bank donors and 115 patients with no apparent disease of 
the hepatobiliary system or other conditions known to affect the serum gamma globulin,4 we 
have considered the upper limit of normal for the zine turbidity to be 16 units. For the 
cephalin-cholesterol flocculation we used the original method described by Hanger.11 <A 
reading greater than 1+ at twenty-four hours was considered abnormal, The thymol turbidity 
test was performed by Maclagan’s method,7 with the modification suggested by Ducci.23 The 
upper limit of normal was considered to be 4 units. For the determination of the serum 
albumin and the globulin fractionations, the salting out methods with 26 per cent sodium 
sulfate and one-third saturated ammonium sulfate were used, according to the technique of 
Weichselbaum,!9 Majoor,2° Milne,21 and Jager.22 Results obtained by these methods differ 
only insignificantly from the values obtained by the electrophoretic fractionation (Jager and 
Nickerson22), Very recently Jager and associates in comparing different salting out methods 
for the human serum albumin have shown the 26 per cent sodium sulfate method to give the 
most accurate values, as compared with the electrophoretic determiniation.26 


RESULTS 


A. Correlation of the Zinc Turbidity Values With the Gamma Globulin 
Fractions —Table I indicates the values obtained by the protein fractionation 
and the zine turbidity test in nine female laboratory technicians 20 to 24 years 
of age and in twenty-six blood bank donors of various ages and both sexes. The 
zine turbidity values ranged from 2 to 14 units, that of the gamma globulin 
fraction from 0.6 Gm. per 100 ml. to 1.3 Gm. per milliliters. It is noteworthy 
that the laboratory technicians had lower zine turbidity values, 2 to 9 units, 
than the blood bank donors whose range was from 6 to 14 units. However, 
they are all below the upper limit of 16 units previously discussed. 

Fig. 1 illustrates the relationship between the gamma globulin fractions and 
the values of the zine turbidity test in the sera of these individuals. No direct 
correlation was observed. The zine turbidity values of various sera differed 
despite identical values for the gamma globulin fraction. For example, varia- 
tions from 4 to 14 units were encountered for sera with gamma globulin fractions 
of 1.1 Gm. per 100 ml. each. On the other hand, zine turbidity values of 6 units 
are found for sera with gamma globulin fractions of 0.6 Gm. per 100 ml. and 
1.2 Gm. per 100 ml, respectively. 
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RELATIONSHIP OF TOTAL AND FRACTIONAL SERUM PROTEINS TO THE ZINC TURBIDITY 
VALUE IN THIRTY-FIVE APPARENTLY HEALTHY PERSONS 








ALBUMIN 


GLOBULIN 
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SUBJECT 




















(GM./100 eran 
CASE ML.) a | B 

1 7.8 4.6 1.0 ce | 

2 10 4.2 12 0.9 

3 7.0 3.8 Bs 0.8 

4 7.2 4.2 LZ 0.7 

5 7.4 4.4 1.1 0.7 

6 YP 4.3 1.1 0.7 

7 1.3 4.2 1.3 0.9 

8 7.6 4.0 1.2 1.2 

9 7.5 4.1 3 0.9 
10 6.7 4.4 0.7 0.8 
1] 7.6 4.7 0.9 1.0 
12 7.5 4.4 1.2 1.0 
13 6.8 4.0 13 0.5 
14 a3 4.2 3 0.6 
15 ff 4.3 1.4 0.9 
16 8.1 4.4 1.4 1.0 
17 6.9 4.2 0.9 1 | 
18 7.4 4.4 1.4 0.8 
19 7.0 3.9 1.5 0.8 
20 7.5 4.4 1.3 1.0 
21 (Pe: 4.1 1.1 0.9 
22 ff 4.4 1.1 1.1 
23 6.5 4.5 0.8 0.6 
24 7.0 4.3 0.8 1.1 
25 7.3 4.3 1.2 1.0 
26 yf 4.8 1.2 0.7 
27 7.5 5.2 0.9 0.4 
28 ‘Pf 4.9 1.1 0.6 
29 8.0 5.0 1.0 0.8 
3 ’ fies 5.1 1.0 0.4 
3 8.5 5.9 is 0.3 
32 8.4 5.5 0.7 1B | 
33 8.0 5.0 1.3 0.8 
34 7.7 4.9 1.4 0.5 
35 8.0 5.2 1.3 0.6 
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Fig. 1.—Relationship of the zinc turbidity value to the gamma globulin concentration in thirty- 





five apparently healthy persons. 
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TABLE II. RELATIONSHIP OF ZINC TURBIDITY VALUE TO GAMMA GLOBULIN CONCENTRATION IN 
SIXTY-FOUR PATIENTS WITH VARIOUS DISEASES, EIGHTEEN OF WHICH WERE PREDOMINANTLY 
HEPATIC IN ORIGIN* 
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ZINC 
| TURBID- DIAGNOSIS 
ITY ESTABLISHED 
| (UNITS) DIAGNOSIS BY 
124 Multiple myeloma Autopsy 
120 Multiple myeloma Autopsy 
68 Lupus vulgaris, hepatitis of?|Biopsy 
viral, origin 
58 Lymphatic leucemia, chole-|/Autopsy 
lithiasis 
48 Lupus erythematosus dissem-| Biopsy 
inatus 
44 No diagnosis established = |_------- 
39 Aplastic anemia, exogenous| Autopsy 
hemochromatosis 
38 Cirrhosis, alcoholic history {Clinical 
36 Subacute hepatitis, post-|Autopsy 
necrotic cirrhosis 
31 Acute rheumatic fever Clinical 
30 Acute rheumatic fever Clinical 
30 Subacute hepatitis, post-| Autopsy 
necrotic cirrhosis 
30 Arteriosclerotic heart disease,| Clinical 
silicosis 
29 Cirrhosis Biopsy 
27 Cirrhosis 
25 Carcinoma of the head of the| Autopsy 
pancreas, cholangitis 
25 Hemangioma of the liver Autopsy 
Lupus erythematosus dissem-|Autopsy 
inatus 
23 Diabetes, pulmonary infarct|/Autopsy 
29 Bronchogenic carcinoma Clinical 
22 Alcoholism, pneumonia Clinical 
2] Exfoliative dermatitis Clinical 
19 Rheumatoid arthritis Clinical 
18 Cirrhosis, alcoholic history  |Clinical 
18 Rheumatoid arthritis, duo-|Operation 
denal ulcer 
15 Cirrhosis Autopsy 
15 Pemphigus vulgaris Clinical 
15 No diagnosis established = |_------- 
14 Hodgkin’s disease Biopsy 
14 Idiopathic hemorrhagic  sar-| Biopsy 
coma 
14 Posthemorrhagie anemia Clinical 
14 Rheumatoid arthritis Clinical 
14 Mycosis fungoides Biopsy 
13 Hodgkin’s disease Biopsy 
12 Acute rheumatie fever Clinical 
12 Lupus erythematosus dissem-|Autopsy 
inatus 
10 Cirrhosis Biopsy 
10 Cirrhosis Biopsy 
10 Cirrhosis Autopsy 
9 Cholelithiasis, common _ bile|Operation 
duct obstruction 
9 Pemphigus vulgaris Clinical 
9 Diabetes, arteriosclerosis Autopsy 
9 Multiple myeloma Biopsy 
8 Cirrhosis Biopsy 
8 Cirrhosis Autopsy 
8 Pemphigus vulgaris Clinical 
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TABLE II—ConrT’p 















































SERUM PROTEINS IN GM./100 ML. 

rere —| ZINC DIAGNOSIS 

|GLOBL LIN FRACTIONS | nue prprry ESTABLISHED 
CASE |TOTAL| ALB.| @ | 6 | Y¥ (UNITS) DIAGNOSIS BY 
47 7.4 | 4.0 1.3 | 0.9 1.2 8  |Lupus erythematosus dissem-| Clinical 

inatus 
48 6.5 | 3.2 aS | aio 0.7 ff Aleucemic myelosis Biopsy 
49 5.7 | 2.7 10) ed 0.9 ff Hyperthyroidism Operation 
50 6.3 | 3.1 0.9 | 1.2 1.] 7 Abdominal carcinomatosis Operation 
51 7.1 2.6 al || dee 1B. 7 Cystitis Clinical 
52 6.6 | 2.8 1.4 | 0.8 1.6 7 Myoglobulinuria Laboratory 
53 4.0 | 1.5 0.9 | 0.9 0.7 6 Suspected sarcoid Clinical © 
54* 8.1 | 3:7 1.9 | 0.8 17 6 Cirrhosis Autopsy 
55 7.1 3.8 1.4 | 0.3 1.6 5  |Pulmonary infarct, syphilis | Autopsy 
56 7.2 | 4.4 1.2 | 0.7 0.9 5 Rheumatie fever Clinical 
57 6.8 | 4.0 1.1 | 0.8 0.9 5 Hemorrhagic diathesis, eti-|Clinical 
ology obscure 

58* 7.3 | 3.9 1.3 | 1.0 i 5 Chronic cholecystitis Operation 
59 5.6 | 3.2 0.9 | 0.7 0.8 4  |Pernicious anemia Clinical 
60 5.9 | 2.8 1.5 | 0.5 1.1 4 yeneralized herpes Clinical 
61 6.3 | 3.8 Ll | O83 i 3 No diagnosis established = |-------- 
62 11.5 | 1.7 1.4 | 8.0 0.4 1 Multiple myeloma Biopsy 
63 11.5 | 1.2 4.0 | 5.9 0.4 1 Multiple myeloma Biopsy 
64 8.9 | 1.6 23 1 25 0.5 0.8 |Multiple myeloma Autopsy 





| 





No direct relationship was observed between the serum albumin and the 
zine turbidity values in sera with the same gamma globulin fraction. For ex- 
ample, in Cases 1, 3,4, and 15 (Table 1) where the gamma globulin fraction was 
1.1 Gm. per 100 ml. the albumin fractions were 4.6, 3.8, 4.2, and 4.3 Gm. per 100 
ml, and corresponding zine turbidity values of 14,13,13, and 9 units were noted. 

The values obtained by applying the protein fractionation and the zine tur- 
bidity test to the sera of sixty-four patients with various diseases, eighteen of 
which were predominantly hepatic in origin, are shown in Table II. These data 
are depicted graphically in Fig. 2. Here again there is a very wide range of the 
zine turbidity values in different sera with the same or nearly the same gamma 
globulin fraction. For example, a patient with disseminated lupus erythema- 
tosus whose gamma globulin fraction was 2.6 Gm. per 100 ml. exhibited a zine 
turbidity value of only 12 units. Another patient with postnecrotice cirrhosis 
after subacute hepatitis whose gamma globulin was 2.3 Gm. per 100 ml. had a 
zine turbidity value of 36 units. Likewise we have observed zine turbidity 
values of 14 units in three patients with Hodgkin’s disease, rheumatoid arthri- 
tis, and mycosis fungoides with gamma globulin fractions of 0.04, 1.8, and 1.8 
(Gm. per 100 ml. respectively. The highest gamma globulin fraction of 12.4 Gm. 
per 100 ml. and a corresponding zine turbidity of 120 units occured in a patient 
with multiple myeloma. Another patient with the same disease had a gamma 
globulin fraction of only 0.8 Gm. per 100 ml. and markedly elevated alpha and 
beta globulin fractions, yet exhibited a zine turbidity of 124 units. The deter- 
minations were repeated in this latter case and gave approximately the same 
results. On the other hand, three patients with multiple myeloma with moderate- 
ly to markedly elevated alpha and beta globulin fractions, but gamma fractions 
from 0.4 to 0.5 Gm. per 100 ml., exhibited extremely low zine turbidity values. 
Cases 42, 43, 52, 54, and 55 (Table IT) with relatively high gamma globulin frae- 
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tions had low corresponding zinc turbidity values, while Cases 29 and 30 with 
gamma fractions of 0.04 and 0.8 Gm. per 100 ml. respectively each had zine tur- 
bidity values of 14 units. 

In general the values obtained from patients with predominantly hepatic 
diseases follow more closely a theoretic midline, while those from patients with 
nonhepatic diseases known to affect the serum protein fractions exhibit more 
marked deviations. The poorest correlations occurred in patients with dissemina- 
ted lupus erythematosus, multiple myeloma, and Hodgkin’s disease. 
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ZINC TURBIDITY IN UNITS 


Range of zine turbidity values in 159 patients without clinical or laboratory evidence 
of hepatic disease. 












B. Zinc Turbidity Values in Patients Without Liver disease.—Fig. 3 shows 
the distribution of the zine turbidity values in 159 miscellaneous hospital patients 
with no clinical and laboratory evidence of hepatic disease. The mean value of 
the zine turbidity in these patients was 9.4 units, which is identical with the 
finding reported by Maher and co-workers in a similar group. However, in 
Maher’s study patients with illnesses related to ‘‘conditions known to affect 
serum gamma globulin’’ were excluded. In the present study such patients have 
been purposely included since it seems impossible to determine whether or not 
a given disease may affect the gamma globulin fraction. 
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The mean value of the zine turbidity test performed on a small group of 
thirty-five apparently healthy individuals was 8.4 units, which is slightly below 
the mean value found by Maher‘ in a similar group. (Fig. 1.) In our group 
of 159 patients of the miscellaneous hospital population, the zine turbidity 
values ranged from 1 to 23 units as shown in Fig. 3. Considering 16 units as 
the upper limit of normal, ten of our patients had slightly elevated values, as 
demonstrated in Table III. Four of these patients with signs of mild to moderate 
congestive heart failure had slightly palpable livers; unfortunately, BSP tests 
were not availbale in these patients (Cases 1, 6, 8, and 9). In Case 5, a carcinoma 
of the head of the pancreas was found, but a cholecystojejunostomy has given 
complete relief and a simultaneously performed liver biopsy had demonstrated 
normal hepatic histology. Case 10 had been diagnosed at operation as adenocar- 
cinoma of the jejunum, but no evidence of liver metastasis had been found. A 
BSP test in this case revealed 6 per cent dye retention. In all of these ten 
patients the elevation of the zine turbidity test was rather slight, the highest 
value being 23 units. 


TABLE III, ELEVATED ZINC TURBIDITY VALUES (17 TO 23 UNITS) IN TEN HOSPITAL PATIENTS 
WITHOUT CLINICAL EVIDENCE OF HEPATIC DISEASE, WITH NORMAL CEPHALIN-CHOLESTEROL 
FLOCCULATION AND THYMOL TURBIDITY VALUES, AND A 1 MIN. AND TOTAL SERUM BILIRUBIN 
< 0.3 MG./100 ML. AND < 1.1 MG./100 ML. RESPECTIVELY 











DIAGNOSIS 








ZINC ESTABLISHED 
CASE TURBIDITY DIAGNOSIS BY 
1 Uy Arteriosclerotic heart disease Clinical 
2 17 Intermittent diarrhea Clinical 
3 18 Rheumatoid arthritis Clinical 
4 18 Rheumatoid arthritis, duodenal ulcer Clinical 
5 18 Carcinoma of the head of the pancrease with chole-|Operation 
cystojejunostomy 

6 18 Congestive failure Clinical 

7 21 Exfoliative dermatitis Clinical 
8 21 Carcinoma of the stomach and congestive failure |Operation 
9 21 Carcinoma of the lung with myocardial metastases|Autopsy 
10 23 Adenocarcinoma of the jejunum with local metas-|Operation 








| tases 


C. Correlation of the Zinc Turbidity Values With Other Liver Function 
Tests in Patients With Hepatic Disease——The values of the zine turbidity test 
were studied in 164 patients with clinical and/or laboratory evidence of hepatic 
dysfunction, as shown in Table IV. Ninety-seven of these patients had a positive 
thymol turbidity and/or cephalin-cholesterol flocculation, The remaining sixty- 
seven patients had negative thymol turbidity and cephalin-cholesterol tests but 
either abnormal BSP retention or elevated serum bilirubin. 

Group A in Table IV includes patients with elevated zine turbidity values 
in the presence of abnormal thymol turbidity and cephalincholesterol flocculation 
tests. Although cases of cirrhosis, infectious hepatitis, and infectious mono- 
nucleosis with or without jaundice constitute the majority in this group, four 
patients with extrahepatic biliary obstrution are included. Group B consists 
of patients with normal zine turbidity values in the presence of abnormal thymol 
turbidity and cephalin-cholesterol tests. Three of the patients with elevated 
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TABLE LV. CORRELATION OF ZINC TURBIDITY WITH CEPHALIN-CHOLESTEROL FLOCCULATION AND 
THYMOL TURBIDITY TEST IN 164 PATIENTS WITH CLINICAL AND/OR LABORATORY EVIDENCE OF 
LIVER DYSFUNCTION 
































CEPHALIN- 
CHOLES- 
TEROL NUMBER 
ZINC FLOCCULA- THY MOL OF 
GROUP | TURBIDITY TION TURBIDITY CASES COMMENT 
A Pos. Pos. Pos. 39 Serum bilirubin elevated 
(> 1 mg./100 ml.) in 19 cases 
B Neg. Pos. Pos. 1] Serum bilirubin elevated 
(> 1 mg./100 ml.) in 5 cases 
Co Pos. Neg. Pos. 13 Serum bilirubin elevated 
(> 1 mg./100 ml.) in 2 cases 
D Pos. Pos. Neg. 2 Serum bilirubin elevated 
(> 1 mg./100 ml.) in 1 case 
E Neg. Neg. Pos. 20 Serum bilirubin elevated 
(> 1 mg./100 ml.) in 6 cases 
F Neg. Pos. Neg. 12 Serum bilirubin elevated 
(> 1 mg./100 ml.) in 5 cases 
G Pos. Neg. Neg. 2 Serum bilirubin normal, bromsulf- 
alein retention elevated 
(> 6 per cent) 
H Neg. Neg. Neg. 24 Serum bilirubin normal, bromsulf- 
alein retention elevated 
(> 6 per cent) 
I Neg. Neg. Neg. 41 Serum bilirubin elevated 
(> 1 mg./100 ml.) 
Total 156 positive |64 positive |83 positive |164 cases 





serum bilirubin were diagnosed as having cirrhosis, infectious hepatitis, and in- 
fectious mononucleosis. Among the six patients with normal serum bilirubin, 
there were none with primary hepatie disease, but one patient had infectious 
mononucleosis. In Groups C through F, forty-seven cases are included having 
either a positive thymol turbidity test or cephalin-cholesterol flocculation. The 
majority of these patients had disease of the liver or biliary tract. Fifteen of 
the patients comprising these four groups also had a positive zine turbidity test. 
Among the patients with nonhepatic diseases in these four groups some confusing 
results are noted. Thus in Group C there is a 52-year-old woman with multiple 
myeloma showing a thymol turbidity of 18 units and a zine turbidity of 124 units 
in the presence of a cephalin-cholesterol flocculation value of zero. In Group 
D another female patient with the same disease exhibited a thymol turbidity of 
less than 1 unit in the presence of 3+ cephalin-cholesterol flocculation and a zine 
turbidity of 120 units. The two patients in Group G with histologically proved 
cirrhosis failed to exhibit abnormal values for the thymol turbidity and the 
cephalin-cholesterol flocculation tests, but showed zine turbidity values of 22 
and 18 units respectively. 

Among the twelve patients in Group F, two patients with intermittent por- 
phyria revealed slightly elevated cephalin-cholesterol flocculation values in the 
presence of both negative thymol turbidity and zine turbidity tests. 

Most of the patients in Group H had heart disease with congestive failure. 
The vast majority of the patients in Group I proved to have extrahepatic biliary 
obstructions. 
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D. The Relative Merit of the Zinc Turbidity Test in Differential Diagnosis 
of Jaundice.—The merit of the zine turbidity test, as contrasted with the thymol 
turbidity test, in the differential diagnosis of overt jaundice of the regurgitation 
type may be evaluated in Table V. The results of fifty-seven cases, separated 
into medical and surgical jaundice, are presented. The diagnosis in each instance 
was established by either biopsy or necropsy, except in the cases of infectious 
hepatitis or infectious mononucleosis in which clinical and laboratory evidence 
was considered as sufficient diagnostic proof. Twenty-one of the patients with 
surgical jaundice had negative zine and thymol turbidity tests, while six showed 
‘‘misleading’’ results in the sense that both tests or at least the thymol turbidity 


TABLE V. MERIT OF THE ZINC TURBIDITY TEST, AS CONTRASTED WITH THE THYMOL TURBIDITY 
TEST, IN THE DIFFERENTIAL DIAGNOSIS OF OVERT JAUNDICE OF THE REGURGITATION TYPE* 











ZINC ZINC 

















































TURBIDITY | TURBIDITY 
POSITIVE, NEGATIVE, 
BOTH BOTH THYMOL THYMOL 
TESTS TESTS TURBIDITY | TURBIDITY 
POSITIVE NEGATIVE NEGATIVE POSITIVE 
Surgical jaundice 
10 cases due to common duct stone 2 (2) 7 (3) 0 1 
11 cases due to cancer of the biliary} 1 (1) 9 (1) 0 i 
tract 
6 cases due to stricture of the bile duct} 1 5 (1) 0 0 
27 cases 4 21 0 2 
Medical jaundice 
4 eases of infectious hepatitis a 0 0 1 
4 cases of toxic hepatitis 1 0) 0 3 
10 cases of cirrhosis 7 ] 0 2 
2 cases of infectious mononucleosis} 1 0 0 1 
with hepatitis 
8 cases of metastatic carcinoma to the| 1 6 0 1 
liver 
1 case of chronic passive congestion of| 0 ] 0 0 
the liver 
1 case of Hodgkin’s disease 0) 1 0 Fas 
30 cases 13 9 0 8 














Figures in parenthesis indicate the number of patients with purulent ascending hepatitis, 
secondary to the biliary obstruction, characterized by fever, chills, and leucocytosis. 

’ *Analysis. limited to cases with a total serum bilirubin > 2 mg. per 100 ml. and in 

which the 1 min, or prompt direct reacting fraction > 0.4 mg. per 100 ml. 














test gave elevated values such as one might anticipate in medical jaundice. In 
eight patients with evidence of hepatic injury secondary to biliary obstruction 
the zine and the thymol turbidity tests gave identical results. Nine of the thirty 
cases of medical jaundice failed to demonstrate positive results in both the thymol 
and the zine turbidity test. However, but one of these was diagnosed as a 
primary hepatic disease. Eight patients had a positive thymol turbidity test 
in the presence of a normal zine turbidity value, but no patient could be found 
with an elevated zine turbidity value alone. 

The fractional serum bilirubin values in 355 patients are compared with 
the corresponding zine turbidity values in Table VI. We considered 0.2 mg. per 
100 ml, for the 1 min. serum bilirubin and 0.8 mg. per 100 ml. for the total minus 
1 min. fractions as the upper limits of normal. 
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The vast majority of 190 cases with serum bilirubin within normal limits 
also had normal zine turbidity values. However, 12 per cent of these cases had 
moderately to markedly elevated zine turbidity values. Most of the sixty-one 
cases showing normal zine turbidity values in Group B were diagnosed as extra- 
hepatic biliary obstruction or surgical jaundice. A difference was noted between 
Groups © and D, which, however, is not statistically significant because of the 
small number of cases. 


TaBLE VI. Zinc Tursipiry IN 355 PATIENTS WITH (A) NORMAL SERUM BILIRUBIN, (B) 

ELEVATED 1 MIN. AND T —]1 MIN. SERUM BILIRUBIN, (C) ELEVATED 1 MIN. SERUM BILIRUBIN 

With NORMAL T —1 MIN, SERUM BILIRUBIN, AND (D) ELEVATED T —1 MIN. SERUM BILIRUBIN 
WitH NORMAL 1 MIN. SERUM BILIRUBIN 





A B Cc D 
(1) Serum bilirubin (direct reacting! 1’ < 0.3 ro>es |] © >os Vl’ < 0.3 
component) in mg./100 ml. 


(2) Total serum bilirubin minus 1’ serum|T —1’ < 0.9/T —1’ > O.8|T -1’ < 0.9|T -1’ > 0.8 
bilirubin in mg./100 ml. 



































Zine turbidity values 190 cases 61 cases 30 cases 15 cases 
< 17 units 

Zine turbidity values _ Se 17 14 2 
> 16 units 

Percentage of cases with elevated 12 22 32 12 














zine turbidity values 





DISCUSSION 


These data fail to demonstrate a direct relationship between the gamma 
globulin fraction and the zine turbidity value. It is likely that one or another 
factor such as the serum albumin, the alpha globulin fraction, the lipoid-carrying 
beta globulin fraction, or the serum lipids modifies the zine turbidity value to a 
variable extent. It was not possible to demonstrate a consistent influence of the 
serum albumin level on the zine turbidity values in sera with similar gamma 
globulin content. However, the range of the serum albumin concentration in 
human serum is comparatively small and does not account for more than a short 
segment of the curve indicated by Kunkel* and by Looney’ in their in vitro 
studies. Wunderly and Wuhrmann"* also have shown that addition of excess 
amounts of albumin or gamma globulin fraction to human serum alters the be- 
havior of the commonly used flocculation and turbidity tests in a.similar fashion. 
They suggest that gamma globulin which has a very high ‘‘dipole moment’’ may 
combine easily with other proteins such as beta globulin or albumin. Thus, in 
pathologie sera with abnormal proportions of various proteins, the gamma glob- 
ulin may be linked to other proteins. This might explain why the zine tur- 
bidity test in such sera fails to correlate with the gamma globulin concentration 
as determined by other methods. 

The striking lack of correlation encountered in such diseases as multiple 
myeloma, disseminated lupus erythematosus, and Hodgkin’s disease may be 
related to the presence of an abnormal serum globulin rather than an increase 
in gamma globulin. Our current definition of the globulin fractions is based 
exclusively on electrophoretic patterns of behavior under the influence of various 
salts. Such a pathologic globulin body might migrate with either one of the 
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globulin fractions, in the electrophoresis as well as in the salting out method. 
It would appear therefore that the zine turbidity test does not represent an 
exact method of serum gamma globulin estimation. It may serve, however, as 
an indicator of pathologie alterations in human serum proteins such as those fre- 
quently associated with hepatic disease. 

The values for the zine turbidity in the series of 194 individuals without 
clinical and/or laboratory evidence of liver dysfunction (Tables I and III and 
Fig. 3) correspond well with the data reported by Maher and associates.‘ 
It seems reasonable to consider 16 units as the upper limit of normal as they 
indicate. None of the thirty-five laboratory technicians and blood bank donors 
in the present study had elevated values; in only ten of the 159 patients with- 
out evidence of hepatic dysfunction was the zine turbidity value slightly elevated. 
However, many cases with normal or elevated zine turbidity values were excluded 
from this group, because one or more of the other flocculation or turbidimetric 
tests showed elevated values. Factors similar to those discussed previously for 
the zine turbidity test may account for these elevations. They do not necessarily 
reflect hepatic pathology. Thus the infrequent occurence of elevated zine tur- 
bidity values in patients without other evidence of liver dysfunction should be 
regarded with reservation. 

In ninety-nine of the 164 patients with clinical and/or laboratory evidence 
of liver dysfunction (Table IV), elevated values for the turbidimetric tests or 
the flocculation test were encountered. The thymol turbidity values were elevated 
in 83 per cent of the cases, the cephalin-cholesterol flocculation in 64 per cent, 
and the zine turbidity in 56 per cent. The thymol turbidity test seems to be the 
most sensitive. 

Stelgmann and associates’? have commented on the behavior of the zine 
turbidity in cases of so-called ‘‘ascending purulent hepatitis.’’ In the present 
study the zine turbidity and the thymol turbidity were positive in three of the 
eight cases of this type (Table V). 

In four of the twenty-seven patients with jaundice due to extrahepatic biliary 
obstruction (Table V) the values of both turbidity tests were elevated. In two 
other patients only the thymol turbidity test was abnormal. In five of these six 
cases, intermittent biliary obstruction had existed for a considerable period of 
time and some hepatic injury had probably occured. Purely from the stand- 
point of differential diagnosis the outcome of the tests in these six patients may 
be regarded as misleading. The zine turbidity test would appear to be slightly 
more reliable. However, the more frequent occurence of normal values in the 
medical cases detracts from this slight apparent advantage. 

In the group of thirty patients with medical jaundice (Table V), 70 per 
cent had elevated thymol turbidity values whereas only 43 per cent had elevated 
zine turbidity values. If one considers only the eighteen cases with cirrhosis or 
hepatitis the results are even more striking; 94.5 per cent had elevated thymol 
turbidity values compared with 61 per cent with elevated zine turbidity values. 
It is significant that in this group of thirty jaundiced patients none could be 
found with an elevated zine turbidity alone in the presence of negative thymol 
turbidity and cephalin-cholesterol flocculation. 
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More instances of abnormal zine turbidity values were found in the group 
of patients with elevated prompt direct reacting serum bilirubin than with 
elevated delayed reacting type. The data in this regard are not extensive enough 
to have statistical significance and further studies are needed. 


CONCLUSIONS AND SUMMARY 


The results of the zine turbidity test of Kunkel have been compared with 
the values of the gamma globulin fraction. Thirty-five normal individuals and 
sixty-four hospital patients having a variety of pathologic disorders were studied. 
An analysis of this data fails to reveal a significant degree of correlation between 
results of the two determinations. 

The zine turbidity values in 159 hospital patients without clinical or labora- 
tory evidence of liver disease ranged from 1 to 23 units. Values greater than 16 
units, the accepted upper limit of normal, were encountered in only ten instances. 

The results of the zine turbidity test were compared with other currently 
employed turbidimetric and flocculation tests in 164 patients with clinical or 
laboratory evidence of liver dysfunction. The zine turbidity test was positive in 
34 per cent as contrasted with the thymol turbidity, 50 per cent, and the ceph- 
alin-cholesterol, 39 per cent, in this group. 

In a group of fifty-seven jaundiced patients, the zine turbidity test appeared 
to be less reliable than the thymol turbidity or the cephalin-cholesterol floceula- 
tion test in differentiating medical and surgical types. 

The biochemical tests reported in this investigation were carried out in the laboratories 
of the University of Minnesota Hospitals. I am indebted to Dr. G. T. Evans for permission 
to report these data. 

The protein fractionations were carried out by Dr. Elisabeth Frame, Assistant Professor 
of Physiologic Chemistry. I am indebted to her for permission to report these data and for 
her many valuable suggestions. 

I wish to acknowledge with thanks the advice and encouragement of Dr. C. J. Watson, 
Professor of Medicine, and Dr. F. W. Hoffbauer, Associate Professor of Medicine, University 
of Minnesota, The Medical School. 
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FURTHER STUDIES OF THE EFFECT OF 
ERGONOVINE ON THE CORONARY CIRCULATION 







IsIpORE STEIN, M.D., aNd JOSEPH WEINSTEIN, M.D. 
BROOKLYN, N. Y. 





poner one of us (I. S.)! reported on the preliminary observations of the 
action of ergonovine maleate on forty-two individuals, seven of whom 
Five of these seven reacted to the drug with chest 






had coronary insufficiency. 
pain and electrocardiographic changes (S-T depression and T-wave inversion ) 
indicative of impairment of the coronary circulation. The other two had typical 







seizures of chest pain but presented no deviations in the electrocardiogram. 
The present report includes further and more detailed studies of ergonovine, 






in varying dosages, on the coronary circulation together with the effects of ni- 
A total of sixty-six tests on thirty subjects, fifteen of 






troglycerin and exercise. 
whom were not considered clinically to have coronary artery insufficiency, was 
The total number of subjects studied, including cases previously 







performed. 
reported, was seventy-one, on whom 110 tests were performed. 












METHOD 







a routine history and physical examination including ¢ 
after exercise. The latter 
at least twenty times or 





Kach patient was subjected to 
urinalysis, chest roentgenogram, and clectrocardiogram, before and 
consisted of ascending and descending on a two step apparatus 
hopping, in turn, on each foot twenty-five times unless chest pain or undue fatigue supervened. 








Subsequently, 0.2 mg. ergonovine maleate* in 1 ¢.c. distilied water was injected intravenously, 






and tracings were made as the drug was being administered and after intervals of one, five, 
At the onset of pain, nitroglycerin 1/100 gr. (0.65 mg.) was 
If the test was negative, higher dosages (0.4 to 0.6 mg.) of 
instances smaller doses were used. In all 






ten, and fifteen minutes. 
immediately administered. 
ergonovine maleate were employed. In several 
cases in which a positive result was obtained, the test was repeated using the same dosage 
with the simultaneous administration of nitroglycerin 1/50 to 1/100 gr. (1.3 mg. to 0.65 mg.) 
All patients were 


Usually 









sublingually, and the clinical and electrocardiographic effects were noted. 
No more than one test was performed a day. 






carefully observed for side effects. 
about a week intervened between tests. 







ANALYSIS OF RESULTS 
(SEE TABLE 1) 







This study included thirty patients on whom a total or sixty-six tests were 
performed. The ages ranged between twenty-seven and sixty-six years: four 
between 21 and 30, five between 31 and 40, five between 41 and 50, thirteen be- 
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76 STEIN AND WEINSTEIN 


tween 51 and 60, and three between 61 and 70. There were twenty-seven whiie 
men, two Negro men, and one white woman in this group. The majority were 
of the pyknic habitus. The group included both smokers and nonsmokers. Five 
patients had hypertension and three had suffered previous myocardial infarction. 
The duration of the symptomatology varied between two and twelve years. In 
most of the cases the pain was of a few minutes’ duration, pressing or constrict- 
ing in character, with radiation to one or both arms in four. In the majority of 
cases there was relief by rest, nitroglycerin, or both. The clinical diagnosis of 
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Fig. 1.—Case 1, Note similar changes produced by exercise and ergonovine and antagonism 
by nitroglycerine, 
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anginal syndrome was made in fifteen of the patients. There were fifteen others 
who were not considered clinically to have coronary artery disease and were used 
as the control group. The family history in this series was of little significance. 
The physical examination yielded essentially negative results except in two pa- 
tients in whom some cardiac enlargement was found and in four others in whom 
apical systolic murmurs of questionable significance were observed. In none 
of the patients was there any evidence of myocardial insufficiency. 
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Fig. 3.—Case 18. Patient S. R. F. Inversion T2,3 after exercise simulates changes noted in 
sitting position. 

Five patients who had positive exercise tests also showed positive results 
with ergonovine (see Fig. 1, and Table I, Cases 1, 2, 3, 4, and 6). However, in 
six of the patients with a negative exercise test (up to ten minutes after), the 
ergonovine test was positive (see Fig. 2, and Table I, Cases 7, 8, 9, 10, 11, and 
12). Two patients had pain following exercise but no electrocardiographic 
deviations, yet had both pain and electrocardiographic changes when ergonovine 
was administered (Cases 5 and 16). One patient (Case 15) had a negative exer- 
cise test, yet had pain with ergonovine but no marked electrocardiographic 
changes. One subject (Case 14) had a positive ergonovine test but refused to 
subject himself to exercise. One instance of a falsely positive exercise test was 
noted (Case 13, Fig. 3). The changes observed were similar to the pattern seen 
when the patient assumed a sitting position and were unquestionably positional 
in character and not due to coronary insufficiency. In all instances in which 
pain was induced, nitroglycerin gave immediate relief. In ten cases nitro- 
glycerin nullified or modified the effects of ergonovine given at the same time 
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Fig. 4.—Case 14. Note abnormal control with further changes in all leads, particularly in Vs, 
and antagonism by nitroglycerine. 











(see Figs. 1 and 4). This is important in postulating the mode of action of the 
drug and would favor the opinion that the action is local on the smooth muscle 
of the coronary arterial tree and is angiospastic in character. 

There were two patients (Cases 9 and 14) with abnormal findings in the 
control electrocardiogram, probably due to long-standing coronary sclerosis. In 
addition, one of them had had hypertension for many years. Both had a definite 
increase in the electrocardiographie alterations with ergonovine. The tests were 
performed with caution and careful observation, and while no untoward results 
occurred, it is not recommended that the tests be done in such cases indiserimi- 
nately. 

Criteria for the Interpretation of Positive Results——The criteria which we 
have adopted in the evaluation of positive results are essentially similar to those 
used by Levy? in his anoxemia studies, and by Master* and more recently Gross- 


| ; ’ y : ; ; 
man, Weinstein, and Katz‘ in exercise tests. The ergonovine test was considered 
} ae ; . ; ° 
positive when any of the following observations were noted : 
1. A depression of the S T segment of 0.75 mm. in a limb lead and 1.50 mm. 
e J g 


in a chest lead. 
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2. Significant T-wave alterations in Leads I, II, or V4. 

3. The development of numerous premature contractions.’ 

4. The occurrence of pain. 

We considered the occurrence of pain a reliable phenomenon if it simulated 
the pain usually experienced on exertion or was associated with vasomotor dis- 
turbances such as sweating and pallor and if the pain was promptly relieved by 
nitroglycerin. 

Dosage.—In the consideration of the dosages used, only the positive results are men- 
tioned. Doses between 0.05 and 0.6 mg. were employed. It is possible that larger doses 
of ergonovine may be needed in mild cases. One case was distinctly positive with a dose of 
0.05 mg. in % c.c. distilled water. Six cases were positive with 0.2 mg., in one of which 0.1 
mg. gave a negative result. Seven patients gave positive results with 0.4 mg. and in one 
of these 0.2 mg. was negative electrocardiographically though pain was present. Two cases 
were positive with 0.6 mg. when 0.4 mg. showed negative electrocardiographic changes though 
pain was experienced with the smaller dosages. These results would indicate that the occur- 
rence of pain alone, if characteristic, should be considered a positive test and indicative of 
coronary insufficiency. 

DISCUSSION 


The cardiologist is frequently faced with the important problem of deter- 
mining the presence of coronary artery insufficiency when symptoms are present 
but routine physical and electrocardiographie examinations offer no confirmatory 
evidence. The correct evaluation is of vital importance not only in the manage- 
ment of the case but also as pertaining to any medicolegal problems involved. 

The most widely used objective methods for determining impairment of the 
coronary circulation have been the anoxemia and exercise tolerance tests. The 
exercise test is predicated on an increase in cardiac demand which the impaired 
coronary circulation is unable to meet. The anoxemia test by diminishing the 
oxygen saturation of the blood causes increased strain on the myocardium. It 
is postulated that the basic action of ergonovine is directly on the coronary 
arteries producing vasospasm with secondary myocardial ischemia and resulting 
electrocardiographie alterations and pain. 

The fact that the simultaneous use of nitroglycerin nullified the ergonovine 
effect in previously positive cases favors the belief that the drug is angiospastic 
in character, affecting primarily the coronary arterial tree and not generalized 
in action. A further corroborative observation for this assumption is the absence 
of significant pulse and blood pressure elevations during the test (Table I). 

We would conclude from our observations that while a positive test with 
ergonovine is significant, a negative result does not necessarily exclude the pres- 
ence of coronary artery disease. 

We believe that the test should not be performed in the presence of the 
following : 

1. Myocardial infarction. 

2. Adequate electrocardiographie evidence of coronary insufficiency. 

3. Gross clinical evidence of myocardial insufficiency. 

No significant toxic effects were observed with dosages as high as 0.6 mg. 
employed in this study. The only side effect encountered was transient nausea 
in three patients. 
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SUMMARY AND CONCLUSIONS 


Ergonovine maleate by intravenous injection was found to produce electro- 
cardiographic alterations and pain in the presence of coronary artery insufficiency 
due to disease of the coronary arterial tree. 

This study included thirty patients on whom sixty-six tests were performed. 
Including a previously reported series where similar results were obtained, we 
have now observed a total number of seventy-one patients on whom 110 tests 
were made. In the present series the test was positive in all of the fifteen cases 
in which a clinical diagnosis of coronary artery disease was made. In six of these 
cases the exercise test was negative. 

Positive results were evaluated either by electrocardiographic alterations, 
the production of characteristic pain relieved by nitroglycerin, or both. 

It is assumed that the action of the ergonovine is a direct one of the coronary 
vessels producing spasm. The nullification of the effect by the simultaneous 
use of nitroglycerin and the lack of pulse and blood pressure changes favor this 
assumption. . 

No significant toxic effects were obtained in the dosages used even in 
patients with pre-existing electrocardiographic abnormalities. However, pa- 
tients should be carefully selected and precautions taken by having nitroglycerin 
or amy] nitrite on hand when the test is performed. 


We are greatly indebted to the technical team of Walter Stern and Joseph Raiola whose 
efforts were essential for the proper execution of this study. 
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ACTIVATION AND ACTION OF THE FIBRINOLYTIC HUMAN 
BLOOD PLASMA FRACTIONS 


T. A. Loomis, M.D., Pu.D. 
SEATTLE, WASH. 


T IS evident that the blood plasma of several species of animals contains a 
precursor of an enzyme that is capable of producing lysis of fibrin, Plasma 
also contains an inhibitor of this enzyme. The terminology used in this report 
to describe these factors is that of Lewis, Ferguson, and Jackson.’ Lysin 
refers to the active fibrinolytic enzyme; prolysin to the normally occurring 
precursor of lysin; lysokinase to the substance activating prolysin; antilysin 
to the inhibitor of lysin; and antilysokinase to the inhibitor of lysokinase. 
Early reports on the activation of prolysin were made by Christensen and 
MacLeod? and others. Prolysin in human blood can be activated by strepto- 
kinase,? and staphylokinase is effective in activating the prolysin of dog, rab- 
bit, guinea pig, and human blood. A recent report of Lewis, Ferguson, and 
Jackson’ showed that approximately half of a large number of bacterial types 
tested showed direct fibrinolytic activity. However, only certain strains of 
hemolytic streptococci showed ability to activate prolysin from human and dog 
source. Astrup® and Astrup and Permin® demonstrated that the prolysin of ox 
blood could be activated by washed cell fragments, and Permin’ reported that 
even tissues from different species of animals were capable of activating the 
lytic enzyme of beef blood. 


MATERIALS AND METHODS 


In one of the procedures a fibrin clot was formed at 38° C. in a test tube by the addi- 
tion of thrombin (Parke Davis Topical Thrombin) either to fresh human oxalated plasma, 
to reconstituted lyophilized human plasma, or to human plasma Fraction I made according 
to the low salt, alcohol precipitation techniques of Cohn and co-workers® and Edsall. 
Fraction I contains prolysin besides fibrinogen. Fraction III-3 contains prolysin and lysin. 
In the second procedure the clot was formed in a Petri dish at room temperature or at 38° 
C. using the same materials. The influence of various agents was studied by placing either 
a drop of the test solution or a pad of filter paper saturated with the test solution on the 
surface of the clot. Lysis of the clot was readily observed as a clear liquid zone immedi- 
ately surrounding the site of the drop or of the pad. 


RESULTS 

The Effect of pH on the Rate of Lysis Produced by Added Fraction II1-3.— 

The pH was controlled by 0.1M citrate-phosphate buffer. The clot was made 
at 38° C. in the test tube by adding thrombin solution (0.1 ml. containing 10 
units) to a mixture of buffer (0.5 ml.), fibrinogen solution (0.2 ml. containing 
1.0 mg. of Fraction I) and lysin solution (0.2 ml. containing 0.4 mg. Fraction 
III-3). <A firm gelatinous clot was obtained at any pH between 5.0 and 9.0. 
From the Department of Pharmacology, School of Medicine, University of Washington. 


This study was aided in part by a grant from the Abbott Laboratories, North Chicago, IIl. 
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The optimum pH for lytie activity was found to be 6.8 to 7.2. In this range 0.4 
mg. of Fraction III-3 completely lysed the clot in 1.2 to 1.4 minutes. At a pH 
of 5.0, lysis required eighteen to twenty minutes. At a pH of 9.0, lysis required 
five to seven minutes. Subsequent experiments were carried out at a pH of 
7.2, approximating that of normal blood. 

The Relationship Between the Quantity, of Fraction III-3 Present and the 
Lysis Time.—A clot was formed in the test tube by adding thrombin solution 
(0.1 ml. containing 10 units) to a mixture of buffer and Fraction I (0.2 ml. con- 
taining 1.0 mg.) containing varied amounts of added Fraction III-3. As the 
concentration of Fraction III-3 was increased from 0.1 to 1.0 mg., the lysis time 
decreased from eighteen to twenty minutes to 1.2 to 1.4 minutes. Two milligrams 
of Fraction III-3 were no more effective than 1.0 milligram. 

The Stability of Lysin and Spontaneous Activation of Prolysin—Human 
Fraction III-3 as it was obtained from the manufacturer lysed the clot obtained 
from fresh oxalated human plasma or reconstituted lyophilized human plasma. 
If Fraction III-3 was allowed to stand at room temperature, either in the powder 
state or in aqueous solution, the activity gradually increased, indicating spon- 
taneous activation of prolysin. In the powder form for one week the increase 
was 20 per cent, but at the end of thirty days no activity remained. In aqueous 
solution overnight the increase was approximately 20 per cent and in seven days 
lytic activity was negligible. Freshly prepared aqueous solutions of Fraction 
III-3 were used in all subsequent experiments. 

Lysokinase Activty—Fraction I did not show fibrinolytic activity. A 
clot 2 to 3 mm. thick was made in the Petri dish by addition of thrombin (0.1 ml. 
containing 100 units) to a solution of Fraction I (5 ml. containing 8 mg. per 
milliliter) and buffer (5.0 ml.). Such a clot would remain in a gel state for two 
days at room temperature or for thirty-six hours in the incubator at 38° C. 
Filter paper disks, 1 em. in diameter, dry or saturated with 0.9 per cent sodium 
chloride solution placed on the surface of the clot activated the prolysin in Frac- 
tion I, resulting in lysis of the clot. Human plasma nullified the lysokinase activ- 
ity of the filter paper pad. Myocardial cells, red blood cells, and white blood 
cells as well as striated and smvoth muscle cells obtained fresh from dogs and 
rabbits and treated by the method described by Permin’ showed definite lyso- 
kinase activity. This confirmed the report of Astrup and Permin.® Washing the 
cell fragments with ether, chloroform, benzene, saline, water, or phosphate buffer 
of pH from 3 to 9 failed to remove the lysokinase activity. When the clot was 
made by substituting fresh oxalated human plasma (2.0 ml. diluted with 8.0 ml. 
Physiologie saline) for Fraction I and buffer, neither the filter paper pad nor 
washed tissue cells showed lysokinase activity. Our explanation of these results 
is that antilysokinase was present in the normal plasma but absent from Frac- 
tion I, Fig. 1 illustrates the lysokinase activity of a filter paper pad, the anti- 
lysokinase activity of whole plasma, the lysin activity of Fraction III-3, and the 
antilysin activity of whole plasma. 

Of all the plasma fractions, Fractions I, II, 111-2, 11-2, 3, commercial im- 
mune globulins, and albumin, only the albumin showed antilysokinase activity 
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when tested by means of the filter paper saturation test. However, the albumin 
fraction did not completely inhibit lysis. 

On the Specificity of Human Lysin—Human lysin is not species specific. 
Human lysin in Fraction III-3 produced lysis of a clot formed from fresh oxa- 
lated dog plasma in in vitro tests. Because of this, the effect of human lysin as 
Fraction III-3 was studied on intact dogs. Eight dogs anesthetized with sodium 





FRACTION I CLOT 


Fig. 1.—The lysokinase action of filter paper on the prolysin in human plasma Fraction I 
and its inhibition by human plasma; the fibrinolytic action of human plasma Fraction III-3 and 
inhibition of this action by human plasma. 

1 Indicates a filter paper pad saturated with physiologic saline; 2 indicates a similar 
filter paper pad saturated with human plasma diluted with equal parts of physiologic saline; 
3 indicates 1 drop of Fraction III-3 (2 mg. per milliliter in water); 4 indicates 1 drop of 
Fraction III-3 (4 mg. per milliliter) diluted with equal parts of human plasma. The photograph 
was taken after four hours of incubation at 38° C. The clear zones are liquid and the slightly 
opaque area is a gel. 


pentobarbital (30 mg. per kilogram) were injected intravenously by means of a 
constant infusion pump with from 1.0 to 5.0 Gm. of human plasma Fraction 
III-3 as a 5.0 per cent aqueous solution at a rate of 0.5 to 0.8 ml. per minute. 
Carotid blood pressure tracings taken on four of the dogs showed an initial tran- 
sient fall in blood pressure. Blood samples (oxalated by addition of 1.0 ml. of 
0.1M sodium oxalate to 9.0 ml. whole blood) were obtained before and after the 
injection and also when the animal had received one-half of the injection. The 
samples were tested for prothrombin time according to Quick’s!® method, for 
clotting time by the addition of thrombin (50 units) to the oxalated plasma (0.2 
ml.), and for clot lysis time by allowing the clotting time sample to remain in 
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TABLE I. PROLONGATION OF PROTHROMBIN AND CLOTTING TIMES RESULTING FROM HUMAN 
PLASMA FRACTION III-3 INJECTED INTRAVENOUSLY IN Dogs 
PROTHROMBIN TIME (SEC.) CLOTTING TIME (SEC.) 
AFTER AFTER 

DOSE OF INJECTION AFTER INJECTION AFTER 

FRACTION| BEFORE | OF oF |_ INJECTION | BEroRE | OF Yor | __ INJECTION 
DOG IiI-3  |[INJECTION| DOSE 0 HR. | 20 HR. |INJECTION DOSE OHR. | 20 HR. 
1 0.1 13 15 11 i 3 3 3 3 
2 1.0 10 10 15 20 3 5 40 3 
3 1.0 15 30 No clot 45 a 180-200 | 180-200 3 
4 3.0 13 25 33 14 He 180-200 | 180-200 3 
5 3.0 13 16 20 13 3 6 180 3 
6 5.0 20 180-200 |Noeclot 180 o 9 100-120 90 
rf 5.0 15 60 180-200 180 3 180-200 |180-200 180 
8 5.0 13 30 30 13 3 5 8 3_ 








the water bath until evidence of complete lysis occurred or for twenty-four hours. 
An additional blood sample was obtained on the day following recovery from the 


anesthesia. 
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The results are in Table I. 
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Fig. 2.—The antithrombin activity of human plasma Fraction III-3 when injected intra- 


venously into dogs. 


Plasma sample 1 was obtained before the injection was made; 


2, after 


2.5 Gm. of Fraction III-3 had been injected; 3, after 5 Gm. had been injected; and 4, twenty 
hours following the 5.0 Gm, infusion. 


Fraction III-3 lengthened the prothrombin time and clotting times. 


The | 


ysis 


times were all greater than twenty-four hours. The effects were relatively pro- 
portional to the total dose of Fraction ITI-3. 
(Dogs 6 and 7) these effects had subsided on the following day. 

The blood from four of the animals (Dogs 4, 5, 6, and 8) was tested for anti- 
thrombin activity. The results from one of these (Dog 6) are presented in Fig. 
2. With all samples, a clot was produced if adequate thrombin was added indi- 


cating the presence of adequate amounts of fibrinogen in the samples. 





With the exception of two dogs 


Warner 
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and co-workers" have observed that there is a marked increase in antithrombin 
in plasma of animals injected with peptone, India ink, or heparin. The effects 
observed following the injection of Fraction III-3 on the prothrombin and clot- 
ting times could be ascribed to the marked production of antithrombin activity. 


SUMMARY 


The optimum pH for fibrinolytic activity of Fraction III-3 of human blood 
is between 6.8 and 7.2. 

The greater the concentration of lysin, the more rapid the lysis of a stand- 
ard human clot would occur; however, the greatest concentration of lysin 
used did not prevent the clot from forming. 

Filter paper shows lysokinase activity when tested on the prolysin of 
human plasma Fraction I but not on the whole plasma clot. 

Human albumin has some antilysokinase activity. 

Injections of human plasma Fraction III-3 into dogs lengthens the pro- 
thrombin time and the clotting time, and increases antithrombin activity of 
the dog blood. 


The author wishes to gratefully acknowledge the assistance of Miss Evelyn Adams in 


the conducting of the experiments in this report. 
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STUDIES ON A CASE OF ACUTE ANTITHROMBOPLASTINEMIA 
Wi.u1AM J. Harrincton, M.D., JaNr F. DesrorGes, M.D., 
FREDERICK STOHLMAN, JR., M.D., CHARLES B. Crow, M.D., 

AND WILLIAM C. Mooney, M.D. 
Boston, Mass. 


WELVE instances of hemorrhagic disorders due to circulating anticoagu- 

lants have been reported to date.’"! In two cases an antithromboplastin 
has been conclusively demonstrated as the cause of the hemorrhagic diathesis,* ° 
and in two other patients this may have been the source of the coagulation 
defect. 

The present report is concerned with studies performed on a patient with 
severe hemorrhagic manifestations and is the third recorded instance in which 
the presence of antithromboplastinemia has been established. 

The patient was Mrs. S. R. (Boston City Hospital, No. 13831396), a 60- 
year-old white housewife who was admitted in August, 1949, with complaints 
of left sciatic pain of three weeks’ duration and diffuse eechymoses of three 
days’ duration. Codeine and aspirin were the only drugs employed and these 
during only the latter part of the present illness. There was no prior history 
of abnormal bleeding despite surgery, pregnancies, and tooth extractions, and 
menses and menopause had been normal. She had never received any blood 
transfusions. There was no family history of hemorrhagic disorders. All 
routine laboratory data were normal but for a 3+ albuminuria and mild anemia. 
Her course was that of progressive severity of bleeding manifestations: 
gastrointestinal, genitourinary, and terminally, subarachnoid hemorrhage. 
Death occurred in the sixth hospital week and postmortem examination failed 
to reveal any relevant pathology to account for the bleeding. 


METHODS AND MATERIALS 


Techniques employed in the study of this case were: glass and silicone tube coagula- 
tion times!2,13 one-stage prothrombin times on whole plasma,!4 checked on 12.5 per cent 
plasma using both prothrombin-free (tricalcium phosphate) plasma and saline as diluents, 
prothrombin consumption determinations!5 done on silicone tube serum twenty-four hours 
after coagulation, Factor V assays,16 quantitative fibrinogen in terms of clottable nitrogen, 
fibrinogen reactivity as coagulability of oxalated plasma by standard thrombin, anti- 
thrombie activity,17 and observations for fibrinolysis.18 Except for the viper venom 
(Stypven, Burroughs-Wellcome), the thromboplastins employed were all prepared from fresh 
brain by identical techniques.19 





From the First and Third Medical Services (Tufts), The Boston City Hospital, and the 
Department of Medicine, Tufts Medical School. 
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Received for he Saas April 3, 1950. 
87 
































w 








HARRINGTON, DESFORGES, STOHLMAN, JR., CROW, AND MOLONEY 


RESULTS 

The initial laboratory studies in this case are shown in Table I. 

From these preliminary studies it was obvious that the patient had a 
coagulation defect characterized by defective prothrombin conversion, the 
only apparent reason for this being an impaired response to human thrombo- 
plastin. Because of her poor clinical condition the patient was transfused 
with 1,000 ¢.c. of whole blood, and following this more elaborate studies were 
carried out to establish the presence of a clotting inhibitor. 


TABLE I. PRELIMINARY STUDIES REVEALING A COAGULATION DEFECT, IMPAIRED PROTHROMBIN 
CONVERSION, AND AN ABNORMAL RESPONSE TO HUMAN BRAIN THROMBOPLASTIN 











PATIENT CONTROL 

Bleeding time (Duke) 150 sec. 165 sec. 
Tourniquet test Neg. Neg. 
Platelet count 328,000 280,000 
Coagulation time (at 37° C.) 

Glass tube 10 min. 8 min. 

Silicone tube 176 min. 68 min. 
Clot retraction Normal Normal 
Prothrombin time 

Human thromboplastin ' 50 see. 15 see. 

Rabbit thromboplastin 17 sec. 15 sec. 
Prothrombin consumption time 

Human thromboplastin 26 sec. 34 sec. 

Rabbit thromboplastin 26 sec. 34 sec. 
Factor V time 80 sec. 82 sec. 
Antithrombin time 109 sec. 96 sec. 
Fibrinogen reactivity time 16 sec. 13 sec. 
Fibrinogen 440 mg. 390 mg. 
Fibrinolysis Neg. Neg. 








This evidence for a clotting inhibitor was corroborated by the results of 
investigations of the effect of mixing aliquots of the patient’s and normal 
prothrombin-free and whole plasmas. As shown in Table II, any mixture 
which contained either the patient’s whole or prothrombin-free plasma pro- 
longed the prothrombin time of normal plasma. when human thromboplastin 
was used. Furthermore, it is apparent from Table II that the normal plasma 
did not supply any missing coagulation-promoting factor to the patient’s 
plasma. 


TABLE II. SruprEsS ON MIXTURES OF PLASMAS 








| THROMBOPLASTINS 








alt rat - | HUMAN | RABBIT _ 
Control prothrombin-free plasma plus control whole plasma 18.8 sec. 17.8 sec. 
Control prothrombin-free plasma plus patient whole plasma 45.4 sec. 17.8 sec. 
Patient prothrombin-free plasma plus control whole plasma 34.2 sec. 17.4 sec. 
Patient prothrombin-free plasma plus patient whole plasma 42.8 sec. 17.8 see. 





To rule out conclusively any abnormalities of the patient’s prothrombin, 
or the presence of a species specific ‘‘antiprothrombin”’ as an explanation for 
this apparent species difference in the reaction of the patient’s plasma to 
human thromboplastin, purified bovine prothrombin* was added to both the 


; *We are indebted to Dr. Walter Seegers, Wayne University School of Medicine, Detroit, 
Mich., for this preparation which contained about 1,000 units of prothrombin per milligram. 
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patient’s and normal prothrombin-free plasmas and prothrombin times were 
performed. The results are recorded in Table III, and again definite prolonga- 
tion of the prothrombin time was obtained with the patient’s plasma when 
human thromboplastin was employed for the determination. 


TABLE III, PRorHROMBIN TIMES WITH BOVINE PROTHROMBIN 








THROMBOPLASTINS 
: , HUMAN | _ RABBIT 
Patient prothrombin-free plasma plus bovine prothrombin 110 see. 62 sec. 
Control prothrombin-free plasma plus bovine prothrombin 77 sec. 72 sec. 

















On the basis of the studies presented thus far, it is evident that the patient 
had an antithromboplastinemia active against human but not rabbit brain 
thromboplastin, To further investigate the species specificity of this anti- 
coagulant, studies were done on fresh brain tissue obtained from the patient 
shortly after her death and on fresh brains obtained from a rabbit, a steer, a 
dog, and a sheep. With these freshly prepared thromboplastins and with viper 
venom, prothrombin times were performed on both 100 per cent plasma and 
12.5 per cent plasma. (Table IV.) These were done immediately and after 
twenty minutes of incubation with the various thromboplastins without any 
differences in the times obtained. It was apparent from these determinations 
that the antithromboplastin present was specific for human brain thrombo- 
plastin, that its effect was an immediate one, and that its activity could be 
diluted out, being negligible in 12.5 per cent plasma. 


TABLE IV, STUDIES ON THE SPECIFICITY OF THE ANTITHROMBOPLASTIN 








THROMBOPLASTINS 











PATIENT| RABBIT | STEER | bog | SHEEP | VIPER VENOM 
ratient 100% plasma 29.0 17.2 42.0 33.0 44.0 13.0 
Control 100% plasma 15.0 15.0 39.2 30.0 39.0 11.5 
atient 12.5% plasma 69.4 66.4 - 210 153 309 
Control 12.5% plasma 49.0 47.0 157 132 238 





Since antl and Nance‘ described a case of species specific antithrombo- 
plastinemia with a chronic, relatively benign course, in which this inhibitor 
was demonstrable only on dilution of thromboplastin, a similar procedure was 
carried out here. As shown in Table V, the inhibition of human thromboplastin 
became even more pronounced on dilution, which suggests that the present 
case may be a more fulminant form of the same fundamental disorder. 


TABLE V. THE Errect or DILUTION OF THROMBOPLASTIN 





i} 


|| 














DILUTION 
1:0 | | 1:50 1:100 ; 
ee. HUMAN | RABBIT | HUMAN |_ RABBIT HUMAN | RABBIT _ 
Patient _ 29.0 17.2 56.2 32.6 61.0 35.2 
Control 15.0 15.0 26.0 8.0.2 274 33.0 





Further characterization of the properties of the antithromboplastin was 
made by the following procedures. 
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Apparent storage lability and thermolability are demonstrated in Table 
VI which contains the data obtained from storing the patient’s plasma in glass 
tubes for varying intervals of time at various temperatures. Recent reports®” * 
of a lipid antithromboplastin isolated from normal blood (and in increased 
amounts from hemophilic blood) and from other tissues indicate that it is 
adsorbable on glass surfaces but not on silicone surfaces. It is therefore pos- 
sible that adsorption rather than lability accounts for the rapid in vitro disap- 
pearance of antithromboplastic activity in this case. However, the obvious 
clinical and laboratory differences between this patient’s syndrome and hemo- 
philia make it unlikely that the antithromboplastin in this case is identical 
with that described as being the cause of hemophilia.?° It can therefore be 
stated only that this inhibitor was apparently storage labile and thermolabile. 













TABLE VI. THE Errect or TIME AND TEMPERATURE ON THE ANTITHROMBOPLASTIN 




























INITIAL PROTHROMBIN TIME | TIME AT TEMPERATURE | RESULTANT PROTHROMBIN TIME 
49 sec. 2 hr. 437° 21.4 sec. 
49 sec. 15 hr. +5° 29.0 sec. 
48 hr. —20° 28.0 sec. 














From Table VII it is evident that the antithromboplastin was active over a 
wide range of hydrogen ion concentration. 







THE EFFECT OF THE HYDROGEN ION CONCENTRATION ON THE ANTITHROMBOPLASTIN 


TABLE VII. 














PH 
8.5 12 6.5 | §.5 
| HUMAN | RABBIT | HUMAN | RABBIT | HUMAN | RABBIT | HUMAN | RABBIT 
Prothrombin time 70 25 57 «dG 1585 360 120 _ 


































To determine whether or not this inhibitor of human thromboplastin was 
more active against the lipid or the protein constituent of thromboplastin, 
* prothrombin times were performed using both the ether-extractable fraction of 
thromboplastin and the residue left after this extraction. Table VIII shows 
that the inhibitor was active only against the whole thromboplastin moiety. 








TABLE VIIT. Activiry AGAINST DiISSOCIATED THROMBOPLASTIN MOIETY 
































THROMBOPLASTIN | ETHER-EXTRACTABLE FRACTION | RESIDUE | SALINE BLANK _ 
Human 130 sec 210 see a 
* * decide RT te a 54 sec. 
Rabbit 7 120 sec. 224 sec. 25 _ 











Therefore the properties of the antithromboplastin present in this case 
were: 










(1) It was apparently species specific. (Table IV.) 
(2) It was not adsorbed by tricalcium phosphate. (Tables II and III.) 
(3) Its effect could be diluted out readily. (Table IV.) 

(4) It was apparently storage labile and thermolabile. (Table VI.) 

(5) It was active over a wide range of hydrogen ion concentration. 


(Table VII.) 
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(6) It was maximally active immediately ; incubation with thromboplastin 
failed to increase its effect. 

(7) It was active only against the whole thromboplastin moiety. (Table 
VIII.) 

Attempts to do precipitin tests with this patient’s plasma and the various 
thromboplastin suspensions were unsuccessful, possibly because they were 
attempted after the patient’s death on plasma which had lost much of its 
antithromboplastie activity. 


SUMMARY 








































Data are presented on a case of antithromboplastinemia, the unique fea- 
tures of which were its fulminant course, the potency of the antithrombo- 
plastin, its species specificity, and its rapid loss of activity in oxalated plasma 
stored in glass tubes. From the data available no inferences can be drawn 
regarding either the origin of this inhibitor or the therapy of the syndrome it 
produced. 





We are indebted to Dr. Louis Fauteux of the Fifth Medical Service of the Boston City 
Hospital, Dr. Frederick Bigelow of the Thorndike Memorial Laboratory, and Dr, Virgil 
Bleisch of the Mallory Institute of Pathology for their cooperation in the study of this case. 
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ANTIMICROBIAL PROPERTIES OF NEOMYCIN 


SELMAN A. WakKSMAN, PH.D., Epwarp Katz, B.A., AND 
HvuBERT LECHEVALIER, M.S. 
NEw Brunswick, N. J. 


EOMYCIN is an antibiotic substance produced by a strain of Streptomyces 


fradiae (No. 3535). 


sistant to the action of heat and microbial decomposition. 
numerous gram-positive and gram-negative bacteria, as well as acid-fast bacteria, 
but not against fungi or true viruses.'® 14 

Recently another strain of the same organism (No. 3554) was isolated in 


our laboratory* from soil. 


It is water-soluble, basic in nature, and highly re- 


It is active against 


It differs somewhat from the earlier culture in its 


morphology (Fig. 1), certain cultural characteristics, and deeper pigmentation 


of aerial mycelium, as shown in Table I. 


TABLE I. 


or OR 


3535 AND 3554 


The neomycin produced by both 


COMPARATIVE MORPHOLOGIC AND CULTURAL CHARACTERISTICS OF S. FRADIAE AND 
FRESHLY ISOLATED STRAINS 








STRAIN OF ORGANISM 





ORIGINAL DESCRIPTION 





BY WAKSMAN AND 
CURTIS NO. 3535 NO. 3554 
Structure of aerial Straight branching Hyphae straight, End of sporophores 
mycelium hyphae. No spirals branching, no spirals forming short closed 


spirals 





Gelatin stab 


Rapid liquefaction, no 
pigmentation. 
Cream-colored to 
brownish growth in 
liquefied portion 


Rapid liquefaction, no 
pigmentation. Flaky 
growth throughout 
liquefied portion 


Rapid liquefaction, no 
pigmentation. Flaky 
growth throughout 
liquefied portion 





Litmus milk 


Peptonization of milk, 
faint alkalinity. Oc- 
casional coagulation 
preceding peptoniza- 
tion 


Strong peptonization. 
No change in re- 
action 


Strong peptonization. 
No change in re- 
action 





Potato plug 


Orange-colored growth, 


no soluble pigment, 
limited aerial 
mycelium 


Lichenoid growth, 
orange colored, no 
soluble pigment. 
Aerial mycelium 
limited to drier 
portion of slant 


Lichenoid growth, 
orange colored, no 
soluble pigment. 
Aerial mycelium 
limited to drier 
portion of slant 





Nutrient agar 


Growth orange-yellow 


Limited pink growth 
on surface 


More abundant growth, 
pink on the surface 





Starch agar 


Spreading colorless 


Limited aerial 


Abundant growth with 


growth with pink mycelium. Pink and pink and white 
aerial mycelium. white border. Good border. Gocd 
Good hydrolysis hydrolysis hydrolysis 





Pigmentation of 
aerial mycelium 
Glucose-aspara- 
gine agar 


Potato-glucose 
agar 


Sea-shell pink 
(Rdg XIV, 11f) 


Light-russet vinaceous 
(Rdg XXXIX, 9f) 


Light-grayish 
vinaceous 


Sea-shell pink 
(Rdg XIV, 11f) 


Russet vinaceous 
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*This culture was isolated in our laboratory by Mr. Rouatt. 
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cultures appears to be the same antibiotic. Both cultures also produce the same 
antifungal factor, fradicin.’ The similarity in the antibiotic production by the 
two cultures is brought out in Table II. It is to be recalled that factor X, 


A. B. 
Baie 2a. 
4 “ . INA 
a i Me” 





C. D. 
: neomycin-producing strains of Streptomyces fra- 
diae: A (X450) and B (x900) = 3535: C (450) and D (X900) = 3554. 


Fig. 1.—Comparative morphology of two 


which is made up of fradicin and an antibacterial factor, not yet fully recognized, 
is removed by acid Dareo treatment. This accounts for a reduction in potency 
of the broth after such treatment, accompanied by a complete loss of antifungal 


activity. 


The following investigations were carried out with crude preparations of 
pre} 


neomycin, varying in potency from 50 to 200 units per milligram. 
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TABLE II. 


ANTIMICROBIAL PROPERTIES 





OF NEOMYCIN 





ANTIBIOTIC PRODUCTION BY TWO STRAINS OF STREPTOMYCES FRADIAE 
(FivE-DAy-OLD SHAKE CULTURES IN N-Z-AMINE BEEF EXTRACT BROTH) 











NO. NO. 
UNITS OF ACTIVITY PER ML. OF BROTH 3000 3554 
Activity by cup method 
Culture broth 163 115 
After acid Darco treatment* 92 74 
Activity by dilution method 
Esch. coli 600 300 
B. subtilis 3,000 1,000 
B. mycoides 900 500 
Mycobacterium 607 1,000 900 
Mycobacterium 600NRt <10 <10 
P. notatum units of broth 40 75 
P. notatum units of broth, after acid 
Dareo treatment <5 <5 








*This treatment removes the antifungal agent fradicin 
terial agent. 


yNeomycin-resistant. 


and some unidentified antibac- 


Antibiotic Spectrum of Neomycin.—Although the antibiotic spectrum of 


TABLE III. ANTIBIOTIC SPECTRUM OF NEOMYCIN 


TESTED ON BRAIN-HEART AGAR. 


neomycin has already been reported,’! additional data make it advisable to 


present here a more complete spectrum (Table III). Different strains of the 


(AMOUNTS OF NEOMYCIN REQUIRED TO INHIBIT COMPLETELY GROWTH OF ORGANISMS IN 1 ML. 


or MEDIUM AFTER 24 Hours’ INCUBATION AT 28° or 37° C. SOME OF THE PATHOGENS WERE 


ORGANISMS REQUIRING PRESENCE OF BLOOD WERE GIVEN 
STERILE 5 PER CENT RABBIT BLOOD.) 








GRAM-POSITIVE BACTERIA 


NEOMYCIN 
(U./ML. ) 


GRAM-NEGATIVE BACTERIA 


NEOMYCIN 
(U./ML. ) 





jes BeoRores) 


. anthracis 
. cereus 

. mycoides 
. subtilis 


Cl. perfringens 
Corynebacterium diphtheriae 
Diplococcus pneumoniae I-37 
Micrococcus flavus 

M. conglomeratus 
Mycobacterium avium 

Myco. phlei 

Myco. ranae 

Myco. tuberculosis 
Mycobacterium 607 

Sarcina lutea 

Staph. aureus 

Staph. albus 

Str. viridans 

Str. pyogenes C-203 

Str. faecalis 

Streptomyces antibioticus 


S. 
8. 
8. 


coelicolor 
fradiae 
lavendulae 


Other organisms 





Borrelia recurrentis 
Leptospira 
icterohaemorrhagiae 
Endamoeba histolytica 
Trichomonas vaginalis 


0.16-0.2 
1.0 
0.1-0.5 
0.02-0.1 

>10.0 
0.16-1.0 


69 0 oo 
ero? FS 
Xx 


nr 
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PPP ASS aor SsssSsorys 
SSOSSSSSONSHONSHSSOS 


N AA 


0.15 


0.15 


<100 


550 





Aerobacter aerogenes 
Br. abortus 

Br. melitensis 

Br. suis 

Kberthella typhosa 


Esch. coli W 
Hemophilus influenzae 
H. pertussis 
Klebsiella pneumoniae 
Neisseria meningitidis 
Pasteurella avicida 
Past. pestis 

Past. tularensis 
Phytomonas pruni 
Proteus vulgaris 

Ps. aeruginosa 
Salmonella pullorum 
S. gallinarum 

8. schottmiilleri 
Serratia marcescens 
Shigella dysenteriae 
S. paradysenteriae 

S. sonnei 

Vibrio comma 


Fungi 
Viruses 
Trypanosoma sp. 
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same organism show marked differences in sensitivity to neomycin. Myco- 
bacterium tuberculosis varies in sensitivity from 0.03 to 1.25 units per milliliter 
of medium.? A comparison of variations in sensitivity of different strains of 
Pseudomonas to neomycin and to streptomycin is brought out in Table IV. 


TABLE IV. VARIATION IN SENSITIVITY OF DIFFERENT STRAINS OF PSEUDOMONAS TO 
NEOMYCIN AND TO STREPTOMYCIN 
(TESTED BY AGAR STREAK METHOD) 








PSEUDOMONAS U./ML. REQUIRED FOR INHIBITION 








NO. NEOMYCIN | STREPTOMYCIN 
68 25 10 
69 8 9 
75 33 17 
76 25 ay 
77 17 10 
86 10 13 





It is also of particular interest to note that various actinomycetes are highly 
sensitive to neomycin, whereas they are resistant to fradicin. This may be 
considered as contributing evidence that the actinomycetes are more closely 
related to the bacteria than to the true fungi. 

Bacteriostatic and Bactericidal Properties of Neomyctn.—Neomyein is 
characterized, in addition to its growth-inhibiting activity, by a marked bacteri- 
cidal effect. There is, in this respect, a definite correlation between the number 
of bacterial cells in a given inoculum and the amount of the antibiotic required 
for complete destruction of the cells. This has been brought out in a number 
of experiments using Esch. coli and the saprophytic Mycobacterium 607. A 
culture of Esch. coli, grown on agar slants for eighteen hours, was suspended 
in sterile saline to give a range of 637,000,000 to 637 viable cells per milliliter. 
The different dilutions were added to tubes containing equal portions of nutrient 
broth and varying amounts of neomycin. The tubes were incubated at 37° C., 
and the amount of growth produced was measured turbidimetrically with a 
Klett-Summerson turbidimeter. The results presented in Table V emphasize 
the inverse ratio between the number of cells and the amount of neomyein 
required for inhibition of growth. 


TABLE V. INFLUENCE OF SIZE OF INOCULUM UPON THE AMOUNT OF NEOMYCIN REQUIRED 
FOR GROWTH INHIBITION OF ESCH. COLI 





NEOMYCIN REQUIRED FOR INHIBITION (U./ML.) 











NUMBER OF CELLS PARTIAL | COMPLETE 
637 0.2 0.4 
6,370 0.2 0.4 
63,700 0.2 0.6 
637,000 0.4 0.8 
6,370,000 0.4 1.0 
63,700,000 0.6 1.0 
637,000,000 0.8 >1.6 





Stability of Neomycin.—Neomycin is a highly stable compound. A solution 
of this antibiotic was adjusted to different pH values, ranging from 1.5 to 12.0, 
and kept at room temperature. No activity was lost after twenty-four hours. 
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There was also no loss in activity when the solution was adjusted to pH 2.0 and 
heated for ten minutes at 60° and 100° C. At 120° C., however, at pH 1.0 
or at pH 10.0, there was a loss of 40 per cent of activity after ten minutes. 


Neomycin is only slightly inactivated by cysteine. When 1 to 10 mg. of 
this reagent were added to 50 units of neomycin in a phosphate buffer at pH 
7.0, and allowed to stand for three to twenty hours at room temperature, only 
little inactivation occurred. In an agar plate, 1 mg. of cysteine inactivated 
partially 2 units per milliliter of neomycin. Neomycin ean thus be differentiated 
from streptomycin. Its potency is reduced, however, by nucleic acid and by 
oleic acid. Hydroxylamine, in nontoxic concentrations, had no inactivating 
effect. 

The reaction of the medium is particularly important in measuring the 
zone of inhibition produced by neomycin, by the agar diffusion or cup method. 
A solution containing 1.5 to 15 units of neomycin gave zones ranging from 14.4 
to 18.6 mm. at pH 7 and from 18.8 to 24.4 mm. at pH 8. The presence of 
glucose in the test medium reduces considerably the size of the zone, whereas 
an increase in salt concentration brings about an increase in the inhibition zone. 

Toxicity of Neomycin.—Some of the early preparations of neomycin were 
tolerated by mice weighing about 20 grams in concentrations of 2,000 to 5,000 
units when given by a single subcutaneous injection. The more recent prepara- 
tions proved to be somewhat more toxic. A comparative study of twelve lots 
of neomycin, some of which were obtained from different manufacturers and 
some prepared in our own laboratory, gave an LD, of 750 units per mouse and 
LD,, of 1,000 to 1,500 units. This is brought out in Table VI. Intraperitoneal 


TABLE VI. AVERAGE PROPERTIES OF TWELVE NEOMYCIN PREPARATIONS OBTAINED FROM 
DIFFERENT SOURCES AND PREPARED BY DIFFERENT METHODS 








pH of solution (10 mg./ml.) 5.8 

Activity by cup method, against B. subtilis (units/mg. ) 143 

Esch. coli (dilution units/mg.) 154 

A. aerogenes (units/mg.) 153 

Staph. aureus (units/mg.) 680 

B. subtilis (units/mg. ) > 2,000 

Mycobacterium 607 (units/mg. ) 1,500 

Myco. tuberculosis H37Rv (units/ml. required for 0.67 
partial inhibition) 

Myco. tuberculosis H37Rv (units/ml. required for 3.75 
complete inhibition) 

Toxicity to 20 gram mice, by single subcutaneous 750 units 
injection, LD» 

Toxicity to 20 gram mice, by single subcutaneous 
injection, LD5o 1,000-1,500 units 





injections gave about the same toxicity range as the subcutaneous ; intravenously 
the neomycin preparations were about five times as toxic. When given in 
several repeated injections every few hours, the mice tolerated much higher 
doses of the antibiotic. 

On the average of the twelve preparations, there is found to be a fairly 
close correlation between the number of neomycin units, as measured by the 
cup method against B. subtilis, and the number of dilution units with Esch. coli, 
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as measured by the plate method. This emphasizes the accuracy of the neomycin 
standard which was originally obtained by the use of the agar-streak dilution 
method with Esch. coli as the test organism, whereas the actual determinations 
are made by the cup method, using a standard strain of B. subtihs. 

In Vivo Activity of Neomycin.—Various studies carried out in our labora- 
tory and in other laboratories'> * emphasize the fact that neomycin is not very 
toxic, that it has a high therapeutic index, that it is active in experimental 
animals against a variety of gram-negative and gram-positive bacteria, including 
the tuberculosis organism, and that it can be used clinically for the treatment 
of a number of infections. 

SUMMARY 

Neomyein has a broad antibiotic spectrum and is active against a variety 
of gram-positive and gram-negative bacteria, acid-fast bacteria, and actinomy- 
cetes. “It is not active against fungi or viruses. It is produced by two strains 
of Streptomyces fradiae which differ in their morphology and intensity of 
pigmentation of aerial mycelium. Neomycin is resistant to the action of micro- 
organisms and to heat under pressure. Neomycin is only slightly affected by 
cysteine and hydroxylamine, but its potency is markedly reduced by oleic acid 





and by nucleie acid. Neomyecin has a strong bacteriostatic and bactericidal 
effect upon various bacteria, including streptomycin-resistant strains.  Re- 
sistance to neomycin develops more slowly than resistance to streptomycin, 
although no absolute resistance, similar to that against streptomycin, has been 
obtained. Neomycin is highly effective in experimental animals against various 
bacteria. It has a rather limited toxicity and a high chemotherapeutic index. 


The authors wish to express their sincere appreciation to Dr. V. Groupé, who made the 
toxicity determinations, to Miss L. Pugh, Dr. D. Harris, and Mr. D. Weiss, who assisted 
with some of the determinations. Some of the data reported in Table I were obtained by 
Dr. F. Heilman at the Mayo Clinic, Dr. O. Graessle at the Merck Institute, and Dr. O. 
Felsenfeld at the Hektoen Institute. 


REFERENCES 


1. Dunean, G. G., Clancy, C. F., and Hudson, M. T.: The Effectiveness of Neomycin 
Therapy Against Organisms Resistant to Other Antibiotics, Sec. Gen. Med. Coll. 
Phys. Philadelphia, Nov. 28, 1949. 

2. Felsenfeld, O., Volini, I. F., Ishihara, S. J., Bachman, M. C., and Young, V. M.: A 
Study of the Effect of Neomycin and Other Antibiotics on Bacteria, Viruses, and 
Protozoa, J. Las. & CLIN. MEb. 35: 428-433, 1950. 

3. Hobby, G. L., Lenert, T. F., and Dougherty, N.: The Evaluation of Neomyecin and 
Other Antimicrobial Agents of Bacterial and Fungal Origin and Substances From 
Higher Plants, Ann. New York Acad. Se. 52: 775-781, 1949. 


4. Ishihara, S. J., and Felsenfeld, O.: Action of Neomycin on Protozoa, J. Parasitol. 
35: 33, 1949. 
5. Rake, G.: The Streptomycins and Neomycin in Murine Tuberculosis, Ann. New York 


Acad. Se. 52: 765-770, 1949. 
6. Swart, E. A., Hutchison, D., and Waksman, 8. A.: Neomycin, Recovery and Purification, 
Arch. Biochem. 24: 92-108, 1949. 
. Swart, E. A., Romano, A., and Waksman, 8. A.: Fradicin, an Antifungal Agent Produced 
by Streptomyces fradiae. Proc. Soc. Exper. Biol. & Med. 73: 376-378, 1950. 
8. Waksman, 8. A., Hutchison, D., and Katz, E.: Neomycin Activity Upon Mycobacterium 
tuberculosis and Other Mycobacteria, Am. Rey. Tuberc. 60: 78-89, 1949. 


~] 





ANTIMICROBIAL PROPERTIES OF NEOMYCIN 99 


9. Waksman, 8. A., Frankel, J., and Graessle, O.: The in Vivo Activity of Neomycin, J. 
Bact. 58: 229-237, 1949. 

10. Waksman, 8S. A., and Lechevalier, H.: Neomycin, a New Antibiotic Active Against 
Streptomycin-resistant Bacteria, Including Tuberculosis Organisms, Science 109: 
305-307, 1949. 

11. Waksman, 8S. A., Lechevalier, H., and Harris, D. A.: Neomycin—Production and 
Antibiotic Properties, J. Clin. Investigation 28: 934-939, 1949. 














BLOOD LEVELS AND URINARY EXCRETION OF AUREOMYCIN 
AFTER INTRAVENOUS AND INTRAMUSCULAR ADMINISTRATION 


Tuomas M. Gockg, M.D., E. Burst WELLS, M.D., Harvey SHIELDS Coins, M.D., 
AND MAXWELL FINLAND, M.D. 
Boston, Mass. 


UREOMYCIN, because of its wide range of effectiveness, has rapidly 
achieved an important position in the therapy of a large variety of infec- 
tions. It is effective when given by mouth, but under some circumstances it 
may be advantageous to give it intravenously, and the intramuscular route also 
has been used. The present paper deals with detailed studies of the blood levels 
and urinary excretion of aureomycin after single intravenous and intramuscular 
doses. Before presenting these data, however, it will be of interest to review 
previous reports dealing with the absorption and excretion of aureomycin after 
its administration by various routes. 


Several investigators have reported on the concentrations of aureomycin demonstrable 
in the serum after oral administration of single or repeated doses of this antibiotic. Dowling 
and associates!,2 found that peak serum concentrations, usually 0.4 to 1.0 y per milliliter, 
were reached six hours after an oral dose of 700 mg. and three hours after a dose of 300 
milligrams. They found demonstrable amounts in the serum after eight hours in all patients, 
after twelve hours in most of them, and after twenty-four hours in some. Brainerd and 
co-workers? found significant amounts of aureomycin in the serum of patients one hour after 
a single oral dose of 1 gram. In their patients, maximum concentrations (usually 0.6 to 2.5 
y per milliliter) were demonstrated in two to four hours, while measurable and at times 
undiminished concentrations were noted for at least six hours. After repeated doses of 1 Gm. 
every four or six hours, much higher concentrations were maintained, with maximums ranging 
between 2.5 and 20 y per milliliter. Serum levels of 0.5 to 4 y per milliliter were reported by 
Herrell and Heilman‘ in the first twelve hours after a single dose of 1 Gm., and 1 to 2 ¥ per 
milliliter were still found in some of these patients up to twenty-four hours. Schneierson 
and Toharsky® found peak levels of 0.8 to 2 y per milliliter two to six hours after a single 
oral dose of 250 or 500 mg.; they noted detectable amounts at eighteen hours after the small 
dose and twenty-four hours after the larger one. 

Only a few observations on the urinary excretion of aureomycin following its oral ad- 
ministrations have been reported. Harned and co-workers* found that in rats the urine 
contained measurable amounts of the antibiotic one hour after the oral administration of 
doses as low as 5 mg. per kilogram. In these animals they noted the rate of excretion to be 
relatively constant for at least six hours and that significant amounts were excreted between 
ten and twelve hours in one experiment. During the first six hours, 3.8 per cent of an 
administered dose of 5 mg. per kilogram was excreted, and after doses of 10 to 20 mg. per 
kilogram about 2 per cent of the dose was excreted in six hours. Dowling and associates? 
recovered 11 per cent of an orally administered dose of 1.0 Gm. in one subject during the 
first six hours and 15.4 per cent of a dose of 700 mg. in another patient during the same 
interval. The concentrations of aureomycin in the urine in these cases were 64 to 128 y per 
milliliter and the serum levels were 0.25 to 1.0 y per milliliter. Herrell and Heilman‘ found 
concentrations in the urine ranging from 64 to 256 vy per milliliter at times when the serum 
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concentrations were 1 to 8 y per milliliter. Collins and associates’ demonstrated antibiotic 
activity in the urine of two normal subjects for more than thirty-three to fifty-five hours after 
single oral doses of 0.75 and 0.5 Gm. of aureomycin. The total amount recovered from the 
urine in these subjects was 11.5 and 13.4 per cent of the administered dose respectively. The 
aureomycin was excreted in high concentrations between two and sixteen hours and the 
greatest rate of excretion occurred between two and eight hours after the dose was given. 


A few reports are also available on the levels of aureomycin attainable after intra- 
muscular administration of this antibiotic. Bryer and co-workers? obtained serum levels of 
1.25 y per milliliter fifteen minutes to one hour following single intramuscular injections of 
20 mg. per kilogram in rabbits and 40 mg. per kilogram in dogs. They could measure no 
significant concentrations in the serum more than one hour after the injections. In a dog 
receiving 20 mg. per kilogram twice a day for ten days, they found 0.3 to 1.25 y per milliliter 
of serum one hour after these injections but no significant levels were determined in serum 
obtained more than two and one-half hours after the last injection. A random urine sample 
on the tenth day contained 64 y per milliliter. Following single doses of 100 to 700 mg., 
Lepper and associates? found maximum serum levels mostly between 0.13 and 1.0 y per 
milliliter at one hour in one-third of the subjects and at three hours in another third, while 
the rest had similar levels at one and three hours after the injection. Meads and co-workers1° 
studied blood levels in eight subjects after single intramuscular injections of 40 mg. of 
aureomycin given in 4 ml. of M/20 phosphate buffer plus 0.5 ml. of 1 per cent procaine 
hydrochloride. They found maximum levels ranging from 0.08 to 0.81 y per milliliter in six 
patients at three to six hours and detectable levels at nine hours in some of them. Brainerd 
and associates? gave intramuscular injections of 50 to 200 mg. of aureomycin hydrochloride 
in 5 ml. of Sorensen’s buffer, pH 7.2, mixed with an equal volume of 2 per cent procaine 
hydrochloride and rarely obtained measurable serum levels during the following four hours; 
only one of twenty-one determinations yielded a level greater than 0.15 y per milliliter. 
Urinary excretion was not studied in any of the human subjects. 


After the intravenous injection of aureomycin hydrochloride in dogs, Harned and 
associates¢ found the excretion to be rapid in the first two hours, somewhat slower between the 
second and fourth hours, and low between the fourth and sixth hours. In their experiments, 
there was similar quantitative excretion after the drug was injected either at pH 2.5 or 8.5 
(in a sodium carbonate buffer). Brainerd and associates? gave adult human subjects intra- 
venous injections of 50 mg. of aureomycin in 5.0 ml. of 0.784 per cent Na,CO, solution and 
within five minutes they obtained serum concentrations reaching 2.5 or 1.2 y per milliliter in 
most instances, values which were equal to or exceeded the maximum values obtained following 
oral administration of 1.0 gram. ‘The serum levels rapidly declined during the first hour, 
decreased slowly thereafter, and measurable levels were present for as long as six hours. 
Dowling and co-workers? reported a few measurements of the amount excreted by patients 
after a single intravenous injection of 300 milligrams. In three patients they recovered 2.3, 
3.7, and 5 per cent of the dose in the first hour; in a fourth they found 2 per cent in the 
first two hours, and in a fifth patient 4 per cent was excreted in the first six hours. The concen- 
tration of aureomycin in the urine of these patients was 50 to 100 y per milliliter. Randall 
and associates!1 measured the serum levels in patients at intervals (mostly three hours apart) 
up to thirty hours after the intravenous administration of single doses of 0.5 to 1.0 gram. 
They found high concentrations (8 to 32 y per milliliter) at three hours, usually one-half 
that amount at six hours, and then gradually diminishing concentrations over the thirty-hour 
test period. Sanders and co-workers!2 obtained a maximum level of 20 y per milliliter two 
hours after an intravenous injection of 1.0 Gm., the level dropping sharply at first and then 
gradually so that 2 y per milliliter were still present after twenty-four hours. 


The methods used for the determinations of aureomycin levels in body fluids in all of 
these studies have varied with respect to the dilution scales, the test organisms, the size of 
the inoculum, the constituents and pH of the media used, the temperature and time of incu- 
bation, and the choice of end points. These factors have been shown to influence profoundly 
the sensitivity of the test organisms, 19, 13-19 and hence the minimum amounts of antibiotic 
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that are measurable. They probably also affect the errors of the methods, particularly since 
aureomycin deteriorates rapidly under the conditions of these tests. Most of these influences 
are presumably compensated for, to a great extent, by the inclusion in each test of controls 
with aureomycin in known amounts from which the concentration of the unknown is calculated, 
but, since the same factors influence the aureomycin controls, the absolute values derived 
remain subject to the errors and variations resulting from the different factors that were 
mentioned, 

Among all of the reports that have been cited, the only one which includes 
observations on urinary excretion of aureomycin that were carried out for 
periods longer than six hours is the report of Collins and eco-workers*® dealing 
with the excretion after single oral doses. Since excretion of aureomycin in 
significant amounts was also observed for considerably longer than six hours 
after its parenteral administration, it is of interest to present the results of 
studies on blood levels and the urinary excretion following single doses of this 
antibiotic given intravenously and intramuscularly. 


MATERIALS AND METHODS 


The subjects were normal men or patients convalescent from minor illnesses who had 
not received any antibacterial agents. They all had normal renal function and preliminary 
tests showed that their undiluted urine failed to inhibit the growth of the test organism. 
The intravenous injections consisted of crystalline aureomycin hydrochloride dissolved in 5 
per cent aqueous solution of dextrose without added buffer, but a leucine buffer* and procaine 
were included with the intramuscular injections. Fluids by mouth were unrestricted during 
the period of the study. The clean voided contents of the bladder were collected immediately 
before and at suitable intervals after the aureomycin injection and venous blood was obtained 
at most of these times. The containers with the blood and urine were placed in an ice bath 
and taken directly to the laboratory where the serum was removed from the clotted blood as 
rapidly as possible. The urine volume was measured and an aliquot was passed through a 
sterile Seitz filter. The serum and filtered urine were then promptly stored in an electric 
referigerator at —25° C. until they were used in the tests, usually within a few hours. 

The concentrations of aureomycin were determined by a modification of the Rammelkamp 
method for penicillin.2° Serial twofold dilutions of serum, urine, and freshly prepared 
aureomycin solutions in 0.5 ml. amounts were made in broth and an equal volume of a 10-5 
dilution of a six-hour culture of Bacillus No. 5+ was added to each. This inoculum contained 
2,000 to 4,000 organisms. The tubes were examined for growth after eighteen hours of 
incubation at 37° C.; the first two or three tubes showing no visible growth were subculture 
on antibiotic-free agar plates which were then examined for growth after twenty-four hours 
of incubation at 37° C. The minimum concentration in which there was no evidence of growth 
after transfer to these agar plates was taken as the end point and the concentrations of 
aureomycin were calculated by comparison with the aureomycin standard solution. This test 
is a much less sensitive one than those used by others; the minimum concentration determined 
was 0.25 or 0.125 y per milliliter, the sensitivity of the strain being 0.06 to 0.125 y per 
milliliter in different tests. 


RESULTS 
Serum Levels and Urinary Excretion After an Intravenous Dose of 500 
Mg.—Three subjects were given 500 mg. of aureomycin hydrochloride in a 5 
per cent aqueous solution of dextrose by a constant intravenous drip over a 
period of an hour. The serum levels and urinary excretion of the active anti- 
biotic at successive intervals after the start of the injection are shown in Table |. 
*The crystalline aureomycin hydrochloride used for the injections and in the tests as well 


as the leucine buffer was furnished by Dr. Stanton M. Hardy of Lederle Laboratories. 
tObtained from Dr. A. C. Dornbush of Lederle Laboratories. 
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TABLE I. BLoop LEVELS AND URINARY EXCRETION oF AUREOMYCIN AFTER 500 MG. OF 
AUREOMYCIN HYDROCHLORIDE GIVEN INTRAVENOUSLY IN 500 ML. OF 5 PER CENT 
DEXTROSE SOLUTION IN ONE Hour 









































SUBJECT, HOURS AUREOMYCIN DEMONSTRATED IN URINE 
SEX, AFTER SERUM URINE | 
AGE, INJECTION LEVEL VOLUME | CONCENTRATION RATE % OF DOSE, 
wT. BEGAN (Y/ML. ) (ML. ) (Y/MI. ) (MG./HR.) | CUMULATIVE 
T. M.G. 0 Ot a 0 0 0 
Male % 16 265 10 5.3 0.5 
24 Yr. i} 32 576 5 ai: a Wd | 
77 Kg. 14% 8 800 5 8.0 1.9 
2 8 97 160 31.0 5.0 
4 8 160 320 25.6 15.2 
6 4 80 320 12.8 20.4 
8 2 60 320 9.6 24.2 
10 i 190 160 15.2 30.3 
12 i} 145 160 11.6 34.9 
15 Se 90 160 4.8 37.8 
23 ve 350 40 1.8 40.6 
24 0 330 4 is 40.9 
30 0 360 16 1.0 42.1 
47 a ee 0.8* 44.6 
55 260 16 0.5 45.4 
65 _— pee 0.4* 46.1 
73 150 8 0.2 46.3 
89 eh ps O;1? 46.8 
96 400 2 0.1 47.0 
E. B. W. 0 0 oe 0 0 0 
Male 1% 16 47 40 3.8 0.4 
ol Yr. 1 32 246 20 10.6 1.4 
64 Kg. 1% 16 345 20 13.8 2.8 
2 8 70 80 11.2 3.9 
4 8 87 640 27.8 15.1 
6 8 45 640 14.4 20.8 
8 2 92 640 29.4 32.6 
12 2 67 160 2.1 34.8 
24 0 660 35 1.8 39.0 
29 127 64 1.6 40.6 
51 ae -_ 0.9* 44.8 
56 110 16 0.4 45.1 
70 aa = 0.2* 45.8 
Te 140 4 0.1 45.9 
J.R. 0 0 — 0 0 0 
Male 1 4 195 40 7.8 1.6 
82 Yr. 2 2 230 40 9.2 3. 
93 Kg. 4 2 230 160 18.4 10.8 
6 2 230 80 9.2 14.4 
8 0.5 250 128 16.0 20.9 
12 0.13 460 16 1.8 22.3 
15 0 230 16 1.2 23.1 
21% - 560 16 1.4 24.8 
24 0 53 3s 0.7 25.2 
27 120 8 0.32 25.4 
30 320 4 0.4 25.6 
37 565 4 0.3 26.1 
45 420 2 0.1 26.3 
48 113 2 0.1 26.3 
, — Not done. 
*Interpolated. 


70 = < 0.25 y per milliliter. 


The first subject, T. M. G., excreted a much greater volume of urine than 
the second, E. B. W., particularly during the infusion and in the next one-half 
| hour; otherwise the results were remarkedly similar in these two subjects. The 
aureomycin level in the serum reached a maximum of 32 y per milliliter in each 
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instance by the end of the infusion, but fell to one-fourth of that value during 
the next hour, remained constant for the next two to four hours, and fell to 
1 to 2 y per milliliter at the end of twelve hours. The next observations were 
made at twenty-four hours and no aureomycin was demonstrable in the serum 
of either subject at that time. 
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Appreciable concentrations of aureomyein (5 to 10 y per milliliter in subject 
T. M. G., who excreted the larger volume of urine, and 20 to 40 y per milliliter 
in subject E. B. W.) were demonstrated in the urine excreted during the hour 
when the antibiotic was being injected. Maximum concentrations (320 and 640 
y per milliliter respectively), however, were found in both of these subjects in 
the urine excreted between two and eight hours. Thereafter, the concentrations 
decreased gradually, but as much as 4 to 8 y per milliliter were still demonstrable 
in the urine voided after the end of the third day in both subjects and 2 y per 
milliliter were found at the end of the fourth day in the urine of one of them. 
The findings in these two subjects are represented graphically in Figs. 1 and 2. 

The maximum rate of excretion of the aureomycin occurred in subject 
T. M. G. between one and one-half and four hours after the infusion was begun 
and continued at quite a rapid rate during the next eight hours. Subject E. B. W., 
who was putting out the smaller volume of urine, excreted the aureomyein at the 
most rapid rate between two and eight hours, after which he excreted it at a 
much slower rate. Both subjects were still excreting 0.15 mg. or more per hour 
by the end of the third day and subject T. M. G. was excreting 0.1 mg. per hour 
at the end of the fourth day. 
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In these two subjects about 20 per cent of the administered drug was re- 
covered in the urine in the active form within the first six hours after the in- 
jection was started; about 14 per cent more was recovered during the next six 
hours, and 4 to 6 per cent was excreted between twelve and twenty-four hours. 
Additional antibiotic estimated at about 5 per cent of the administered dose 
was excreted by both of them during the following two days. 
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Fig. 2. 


In the third subject the maximum concentrations of aureomycin found in 
the serum and urine and the total amount recovered from the urine were ap- 
preciably less. In this subject, the maximum concentrations of the antibiotic 
and its maximum rate of excretion occurred between two and eight hours; the 
rate of excretion dropped sharply at that time and then more slowly. A total 
of 26.3 per cent of the administered drug was recovered from the urine of this 
subject in forty-eight hours; more than half of this amount was exereted during 
the first six hours, an additional 8 per cent of the dose was recovered in the 
next six hours, and 3 per cent more in the following twelve hours. 

It may be of interest to note that the studies in the first two subjects were 
done on a cool day in April while those in the third patient were done on a very 
warm day in August. However, in a fourth patient who received a similar 
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instance by the end of the infusion, but fell to one-fourth of that value during 
the next hour, remained constant for the next two to four hours, and fell to 
1 to 2 y per milliliter at the end of twelve hours. The next observations were 
made at twenty-four hours and no aureomycin was demonstrable in the serum 
of either subject at that time. 
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Fig. 1. 


Appreciable concentrations of aureomyein (5 to 10 y per milliliter in subject 
T. M. G., who excreted the larger volume of urine, and 20 to 40 y per milliliter 
in subject E. B. W.) were demonstrated in the urine excreted during the hour 
when the antibiotic was being injected. Maximum concentrations (320 and 640 
y per milliliter respectively), however, were found in both of these subjects in 
the urine excreted between two and eight hours. Thereafter, the concentrations 
decreased gradually, but as much as 4 to 8 y per milliliter were still demonstrable 
in the urine voided after the end of the third day in both subjects and 2 y per 
milliliter were found at the end of the fourth day in the urine of one of them. 
The findings in these two subjects are represented graphically in Figs. 1 and 2. 

The maximum rate of excretion of the aureomycin occurred in subject 
T. M. G. between one and one-half and four hours after the infusion was begun 
and continued at quite a rapid rate during the next eight hours. Subject E. B. W., 
who was putting out the smaller volume of urine, excreted the aureomycin at the 
most rapid rate between two and eight hours, after which he excreted it at 4 
much slower rate. Both subjects were still excreting 0.15 mg. or more per hour 
by the end of the third day and subject T. M. G. was excreting 0.1 mg. per hour 
at the end of the fourth day. 
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In these two subjects about 20 per cent of the administered drug was re- 
covered in the urine in the active form within the first six hours after the in- 
jection was started; about 14 per cent more was recovered during the next six 
hours, and 4 to 6 per cent was excreted between twelve and twenty-four hours. 
Additional antibiotic estimated at about 5 per cent of the administered dose 
was excreted by both of them during the following two days. 
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In the 


preciably less. 


Fig. 2. 


third subject the maximum concentrations of aureomycin found in 
the serum and urine and the total amount recovered from the urine were ap- 


In this subject, the maximum concentrations of the antibiotic 


and its maximum rate of excretion occurred between two and eight hours; the 
rate of excretion dropped sharply at that time and then more slowly. A total 
of 26.3 per cent of the administered drug was recovered from the urine of this 
subject in forty-eight hours; more than half of this amount was exereted during 
the first six hours, an additional 8 per cent of the dose was recovered in the 
next six hours, and 3 per cent more in the following twelve hours. 


It may be of interest to note that the studies in the first two subjects were 
done on a cool day in April while those in the third patient were done on a very 


warm day in August. 





However, in a fourth patient who received a similar 
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infusion except that a sodium glycinate buffer was included with the aureomycin, 
the blood levels were the same as in subject J. R., a total of 24.2 per cent of the 
administered dose was recovered in the urine collected during the first twenty- 
four hours, and an additional 6 per cent was excreted during the second day. 


TABLE II. BLoop LEVELS AND URINARY EXCRETION OF AUREOMYCIN AFTER 100 MG. oF 
AUREOMYCIN HYDROCHLORIDE GIVEN INTRAVENOUSLY IN 250 ML. or 5 PER CENT 
DEXTROSE SOLUTION IN THIRTY MINUTES 








SUBJECT, | HOURS 

















SEX, | AFTER SERUM URINE AUREOMYCIN DEMONSTRATED IN URINE 
AGE, INFUSION LEVEL VOLUME CONCENTRATION RATE Yo OF DOSE, 
WT. STARTED (y/ML. ) (ML. ) (Y/ML. ) (MG./HR.) | CUMULATIVE 
pe th 0 0* ‘ees 0 0 0 
Male VY, 2 175 32 11.2 5.6 
4 Ee Gd ] , J 200 16 6.4 8.8 
95 Kg. 2 J 295 20 5.9 14.7 
4 — — = 5.1t 24.9 
4% 0.5 120 20 4.8 27.3 
5% 0 920 5 4.6 31.9 
7 0 480 16 5.1 39.6 
12 120 3 0.2 43.4 
15 70 16 0.4 44.5 
22 200 8 0.2 46.1 
24 90 4 0.2 46.5 
30 400 2 0.1 47.3 
36 470 2 0.2 48.2 
48 350 4 0.1 49.6 
56 1,630 0.25 0.05 50.0 
72 340 0 0 50.0 
M. 8. 0 0 = 0 0 0 
Male % 2 57 128 14.6 7.3 
36 Yr. 1 1 230 8 3.7 9. 
68 Kg. 2 ] 780 2.5 2.0 M1 
4 0 590 10 3.0 17.0 
6 0 150 10 0.8 18.5 
8 0 160 4 0.3 19.1 
10 =e ee 0.8 20.7 
12 38 64 1.2 23.1 
15 180 8 0.5 24.5 
21 180 16 0.5 27.4 
24 58 16 0.3 28.3 
30 310 4 0.2 29.6 
38 975 0.5 0.06 30.1 
48 690 1.0 0.07 30.8 
52 380 0.25 0.02 30.9 
S. B. 0 0 38 0 0 0 
Male 1 lf 270 40 10.8 10.8 
53 Yr. 2 0.5 175 40 7.0 17.8 
70 Kg. 4 0.13 205 20 2.1 21.9 
6 0 60 20 0.6 23.1 
8 0 180 16 1.4 26.0 
12 310 4 0.3 27.2 
15 520 2 0.4 28.3 
21% 320 2 0.1 28.9 
24 . 310 ] 0.1 29.2 
27 460 0.5 0.1 29.4 
30 320 1.0 0.1 29.8 
37 270 1.0 0.04 30.0 
45 ~— 1.0 0.04t 30.3 
48 460 0.25 0.04 30.4 
— Not done. 


* Concentration <0.25 y per milliliter. 
*Value interpolated (urine discarded by error). 


tSerum level at one-half hour (end of infusion) was 1.0 y per milliliter. 
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The studies in the fourth patient were done late in September. Subsequently, 
three additional patients were given 500 mg. of aureomycin hydrochloride with 
sodium glycinate intravenously in the same manner and the blood levels were 
studied. The findings were essentially the same as in subject J. R. except that 
in two of the subjects a concentration of 8 y per milliliter was found at the end 
of the injection and 4 y per milliliter one hour later. 


Serum Levels and Urinary Excretion After an Intravenous Dose of 100 
Mg.—Three patients received doses of 100 mg. of aureomycin hydrochloride in 
5 per cent aqueous solution of dextrose by intravenous infusion over a period 
of thirty minutes. The data in these patients are shown in Table II. In these 
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Fig. 3. 


subjects, the maximum serum levels (2.0 y per milliliter in two and 1 y per 
milliliter in the third) were obtained at the end of the injection. Levels of 1.0 
or 0.5 y per milliliter were found during the next one and one-half hours but 
only one of the subjects had a demonstrable level four hours after the injection 


ended, 


The volume of urine excreted by these subjects did not differ significantly. 
They all excreted an acid urine throughout, the pH of the various specimens 
ranging between 5.0 and 6.0 in subjects P. C. and S. B. and between 5.0 and 5.5 
in subject M. S.: The concentration of aureomycin found in the urine at differ- 
ent intervals, however, varied considerably and appeared to be influenced to 
some extent by the volume of urine output. The maximum concentrations were 
demonstrated at the end of the injection and again in the specimens collected 
at twelve hours in two of the subjects and during the first two hours in the third. 
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The rate of aureomycin excretion was maximum in all three subjects by the 
end of the injection and declined rapidly at first and then more or less steadily. 
The total amount of aureomycin recovered was 50 per cent of the administered 
dose in fifty-six hours in subject P. C. and about 30 per cent of the dose in forty- 
eight hours in the other two patients. Of the amount excreted, more than 60 
per cent was recovered during the first six hours. The data in these three sub- 
jects are presented graphically in Figs. 3 and 4. 
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Fig, 4. 


Results After Intramuscular Injections —Two healthy adult male volunteers 
were each given 500 mg. of aureomycin hydrochloride diluted in 20 ml. of a solu- 
tion containing 1.048 Gm. of L(—) leucine, and 1 ml. of 2 per cent procaine hy- 
drochloride was added. One-half of this amount was injected into each gluteal 
muscle. Both subjects experienced a dull aching pain during the injection but 
the pain increased markedly in intensity during the next two hours. Both 
subjects felt faint, perspired profusely, and had a moderate drop in blood 
pressure, and one of them had some nausea and vomited. Both were able to 
take adequate amounts of fluids and their blood pressure soon returned to normal 
but severe pain continued for several hours even after sedation. A third patient 
was given 100 mg. of aureomycin hydrochloride in 5 ml. of a solution containing 
260 mg. of leucine plus 1 ml. of 2 per cent procaine. This patient experienced 
moderate pain from the injection. The findings in the first two subjects were 
very similar; the data obtained in one of them and in the third patient are 
given in Table III and in Figs. 5 and 6 respectively. 
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URINARY EXCRETION OF AUREOMYCIN AFTER INTRAMUSCULAR INJECTION OF 


AUREOMYCIN HYDROCHLORIDE GIVEN IN A LEUCINE DILUENT AND WITH PROCAINE 








SUBJECT, 
SEX, 
AGE, 

wT. 


DOSE OF 
AUREOMYCIN 
| (MG.) 


HOURS 
AFTER 
INJECTION* 


URINE 
VOLUME 
(ML. ) 


AUREOMYCIN DEMONSTRATED IN URINE 








CONCENTRATION 
(¥/ML.) 


RATE 
(MG./HR.) 


YJ OF DOSE, 
CUMULATIVE 





W. W. 
Male 
oi XT. 
70 Kg. 


500 


0 
1¥%, 
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4 

5 

6% 

81% 
12% 
16 
25 


30 


280 
165 
330 
440 
664 
625 
645 
205 
765 
517 


0 
5 
20 
1 
2 
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20 


64 
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0 
0.3 
0.9 
1.0 
1.2 
1.9 
4.4 
8.9 
i 
16.0 
Lia 





0 
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2 
” 


5 
74, 
114 
13% 
15 
IBV, 
30 


70 
300 
630 
910 
885 
250 
200 
900 
890 


0 

1.1 
4.8 
0.6 
0.8 
0.9 
0.4 
ira! 
0.2 
0.5 


0 

1.1 
10.7 
12.0 
13.8 
17.3 
18.3 
19.9 
21.7 
23.5 


In Subject W. W., daily urine specimens obtained at random from the fourth to the 
eighth day after the injection yielded 1 to 4 y per milliliter and the rate of aureomycin ex- 
cretion was estimated as ranging from 0.27 to 0.04 Gm. per hour on these days. 

In Subject C. L., random urine specimens obtained from the third to the eighth day after 
the injection yielded aureomycin in amounts which indicated excretion rates of 0.07 to 0.02 mg. 
per hour. 


*Serums obtained at same time as the urines during the first sixteen hours all yielded no 
demonstrable aureomycin activity (< 0.24 y per milliliter) in either subject. 
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In none of these three subjects were there any demonstrable levels of 
aureomycin in serums obtained at intervals during the first sixteen hours after 
the injections. In the two subjects who received the 500 mg. doses, the drug 
was excreted at irregular rates during the first thirty hours, whereas subject C. L. 
excreted the antibiotic at a maximum rate between one and three hours after 
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the injection and then at much lower and irregular rates. Urine specimens 
obtained at random up to the eighth day showed that small amounts were still 
being excreted throughout that time. The amounts recovered in the urine during 
the first thirty hours were 17.7 per cent and 13.4 per cent of the 500 mg. doses 
and 23.5 per cent of the 100 mg. dose. 


DISCUSSION 


The rapid deterioration of aureomycin in neutral or alkaline solutions has 
heen emphasized by all who have worked with this agent. The manipulations 
incident to the execution of the present studies, therefore, presumably entailed 
considerable deterioration which, together with the errors involved in the dilu- 
tion method used, probably tended to minimize the amounts of aureomyein that 
could be demonstrated. This is particularly true with respect to the serum 
values since the urine specimens were all acid. It may be presumed, moreover, 
that the pH and temperature of most of the body fluids and tissues are likewise 
conducive to rapid deterioration. The amounts of aureomycin activity recovered 
in these studies and the fact that active antibiotic was excreted for two to four 
days after intravenous injections and for at least eight days after intramuscular 
injections are, therefore, all the more remarkable. These findings suggest that 
deterioration of aureomycin in the living body may not be so important a factor 
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as it appears to be in vitro. Recent observations in embryonated eggs”! also 
suggest that there may be substances in tissues which may protect aureomycin 
from deterioration, at least to some extent. This is further evidenced by the 
favorable clinical responses frequently observed in human cases in spite of 
apparently inadequate levels of aureomyein in the blood and presumably also 
in the tissues. 

The irregular excretion of the aureomyecin and the failure to demonstrate 
significant amounts of aureomycin in the blood following its intramuscular ad- 
ministration may be associated, to a large extent, with the marked local irritation 
that it produces which tends to keep the agent localized at the site of the injection 
for long periods. This may also account for the prolonged excretion into the 
urine. In our experience, the results of the use of aureomyecin intramuscularly, 
even in patients who have been able to tolerate this therapy, have not been 
satisfactory. 

The methods employed in estimating the concentrations of aureomyein in 
this study were too crude to use in attempts to determine the mechanism of renal 
excretion of the antibiotic. The renal clearance rates, however, could be esti- 
mated very roughly from some of the data shown in Table I. In the first two 
subjects the aureomycin was cleared at the rate of 40 to 70 ml. of plasma per 
minute. These values are in a range similar to that observed with streptomy- 
cin?” 2 and approximately that reported for bacitracin** but are in sharp con- 
trast to the very high clearance values reported for penicillin.2® Marshall,?* 
in discussing the renal clearance values for streptomycin, indicated that, unless 
that agent is bound to a great extent by the proteins of the plasma, it would 
appear to be excreted by glomerular filtration alone. Although it has been 
shown that the antibacterial action of aureomycin is greatly diminished in the 
presence of serum,'*® the role of protein binding has not been elucidated so that 
deductions concerning the renal excretion of aureomycin are not warranted. 


SUMMARY AND CONCLUSIONS 


Blood levels and urinary excretion of aureomycin were determined follow- 
ing intravenous and intramuscular injections of single doses of 500 and 100 
milligrams. Aureomycin in decreasing concentrations was demonstrated in 
the serum for twelve hours after the intravenous injection of 500 mg. and for 
two to four hours after the 100 mg. doses, but none could be demonstrated in 
the blood after any of the intramuscular doses by the method used. 

Following the intravenous injections the aureomycin was excreted at the 
most rapid rate for eight to twelve hours after the 500 mg. doses. Following the 
intramuscular injection of 500 mg. which was highly irritating, excretion was 
irregular, but after a dose of 100 mg. the antibiotic was excreted rapidly for 
three hours and then at diminishing rates. Excretion of aureomyecin in the 
urine continued in appreciable amounts for two to four days after the intra- 
venous doses and for eight days after the intramuscular injections. 

From 26 to 50 per cent of the administered dose was recovered in the urine 
as active aureomycin after the intravenous injections and from 13 to 24 per 
cent was recovered after the intramuscular doses. 


The authors are indebted to Clare Wilcox for technical assistance. 
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THE KFFECT OF METHYLENE BLUE ON ESTABLISHED 
ALLOXAN DIABETES 


S. STEPHENS, B.S., AND ARNOLD Lazarow, M.D., Pu.D. 
CLEVELAND, OHIO 


N A preliminary note, Highet and West' reported that the intraperitoneal 

injection of methylene blue (1 ¢.ec. of a 1 per cent solution per rat), adminis- 
tered thirty minutes prior to alloxan, protected rats against diabetes. The alloxan 
was also injected intraperitoneally in doses of 150 mg. per kilogram. They 
further reported that methylene blue exerted a beneficial effect on diabetes al- 
ready established. In contradiction of Highet and West, we found that methylene 
blue, when injected immediately preceding alloxan, not only did not protect 
against diabetes but rather increased both the incidence and the severity of the 
diabetes.? Control studies on untreated diabetic rats were not included in the 
preliminary study by Highet and West. In light of the work carried out in 
our own and in other laboratories on alloxan diabetic rats, it is necessary to bear 
in mind that a number of factors influence the blood sugar level and that these 
must be carefully considered when evaluating the effect of any agent on the 
course of established diabetes. It is known that: (1) Large spontaneous fluctu- 
ations occur in the daily blood sugar levels of alloxan diabetic rats and that 
the most marked variations occur in the case of rats with mild diabetes. (2) 


Large variations in the blood sugar values occur at various times of the day. 
(3) Variations in the nutritional state markedly affect the blood sugar level of 
diabetic rats. (4) Blood sugar values of severely diabetic rats may return to 
normal or even hypoglycemic levels for the few days immediately preceding 
death. However, since it would be highly desirable to have a compound that 
can modify the course of established diabetes, it was decided to repeat the work 
with methylene blue under carefully controlled conditions. 


METHODS 


Sprague Dawley rats were used in this study and the technique of intravenous injection 
and blood sampling was carried out in the manner previously described. Blood sugars were 
determined by the Folin-Malmros blood micromethod. The alloxan monohydrate, prepared 
as a 1.75 per cent solution, was injected intravenously in doses of 35 mg. per kilogram (0.2 ¢.c. 
per 100 grams of body weight). The rats were allowed food and water ad libitum both 
before and after the alloxan injection. Six days after the alloxan injection, and after the 
diabetes had become well established, 5 ¢.c. per kilogram of a 1 per cent solution of methylene 
blue were injected intraperitoneally (50 mg. per kilogram). Of seven rats injected with 
methylene blue, three died within the twenty-four hour period following the methylene blue 
injection. The four surviving rats and a fifth, which had been used previously as a control, 
Were given a second intraperitoneal injection of methylene blue (25 mg. per kilogram) on 
the nineteenth day after the original alloxan injection. On the thirty-first day a third intra- 
peritoneal injection of methylene blue (25 mg. per kilogram) was administered and this 
dose was repeated every second or third day until the rats died. Several alloxan diabetic rats 
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did not receive any methylene blue and these were used as controls. All rats were kept in 


metabolic cages and the weights and water intakes were determined daily. The blood sugars 
were measured daily at first and later every second day, and an effort was made to draw the 
blood samples at about the same time each day. 
RESULTS 
Table I lists the blood sugar values for these rats for the several days pre- 
ceding and the several days following the first two methylene blue injections. 
Table I also gives the average per cent change in the blood sugar following the 
methylene blue injection. These figures were determined by averaging the last 
two blood sugars taken just prior to the methylene blue (two to three days) 
and comparing them with the sugars on the two days following the dye. 

It will be noted that following the first injection of methylene blue (50 
mg. per kilogram) three of the four surviving rats showed an increase in their 
blood sugar values. One rat, BB-63, showed a 26 per cent decrease in its blood 
sugar value following the methylene blue injection. It should be noted, however, 
that one of the control rats (BB-64) which did not receive any methylene blue 
showed a 13 per cent drop in its blood sugar during the corresponding period, 
and if we compare the blood sugar value of this control rat on the sixth day with 
that found on the seventh day, there was a 32 per cent decrease in the blood 
sugar. Following the second dose of methylene blue (25 mg. per kilogram) 
two of five rats showed a significant decrease in their blood sugar level (29 to 
53 per cent). However, the control rat, BB-63, which did not receive methylene 
blue, also showed a 40 per cent decrease in its blood sugar value during the 
same time interval. 

Kig. 1, A shows the course of an alloxan diabetic rat, BB-63, which was 
treated with methylene blue and it appears to show some improvement in the 
diabetic state following this treatment. Although some of the blood sugar 
ralues were high, a great number of them fell within the normal range. The 
water intake similarly showed a definite decrease on most days after the nine- 
teenth day. However, despite this apparent improvement the rat died on the 
fifty-third day following the onset of the diabetes. This rat received a total dose 
of methylene blue equal to 300 mg. per kilogram. 

Fig. 1, B shows the course of Rat BB-54. This rat received ten injections 
of methylene blue totaling 275 mg. per kilogram. Although the injection of 
methylene blue was frequently followed by a drop in water intake, no significant 
fluctuations were noted in the blood sugar values. 

Fig. 1, C is a control rat, BB-64, which received no methylene blue. On 
three occasions (Days 30, 38, and 40) when the food was withdrawn there was 
a marked drop in the water intake. The blood sugar values were not determined 
until twenty-four hours after the food was replaced and they therefore show 
no significant fluctuations. It will be noted that on several occasions, Day 20 
and Day 75, the blood sugars approached normal values, in spite of the lack of 
treatment and in the absence of any known extraneous factor. 

Fig. 1, D is another control rat, BB-35, which developed a moderate diabetes 
following the administration of alloxan. It will be noted that marked fluctu- 
ations in the blood sugar are the rule, with the daily values ranging between 
122 and 376 mg. per cent. 
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EFFECT OF METHYLENE BLUE ON ESTABLISHED ALLOXAN DIABETES 8 


Since wide fluctuations in the daily blood sugars were observed in untreated 
diabetie rats, it was decided to determine more precisely the degree of variation 
in their blood sugar values at different times of the day. Nine additional un- 
treated alloxan diabetic rats were selected. These showed varying degrees of 
diabetes. They were allowed food ad libitum. Their blood sugar values as 
measured at various times of the day are shown in Table II. 


TABLE IT. Boop SuGArR LEVELS or ALLOXAN DiaBeTic Rats AT VARIOUS TIMES DURING THE 
Day; Excess Foop WAS PRESENT AT ALL TIMES; ALL RATS WERE INJECTED WITIL ALLOXAN, 
40 MG./KG., Srx Days Prior TO THE EXPERIMENT 





BLOOD SUGAR (MG./100 ©.C.) 














TIME 

OF RAT 

DAY 33.) 27 | 2 | 21 | 2 | 8 | 2 | 4 | #1 
5:30 A.M. 122 150 128 123 106 128 235 334 395 
1:30 P.M. 132 103 114 301 150 418 329 611 640 
5:00 P.M. 1438 109 74 oe 348 447 193 620 752 
9:00 P.M. 148 240 254 404 435 435 423 564 742 
12:00 A.M. 132 140 200 432 432 432 432 482 600 








In Rat 23 which did not respond to the alloxan injection, the afternoon 
and evening blood sugars were somewhat higher than the morning, but the 
maximal variation was less than 20 per cent. A number of the rats had normal 
blood sugar values in the morning but then developed hyperglycemia in the 
afternoon and evening, and in some eases the fluctuations in blood sugar varied 
by over 400 per cent. Even those rats which showed a marked hyperglycemia 
in the morning also showed an increase in the hyperglycemia in the afternoon 
and the evening. 

DISCUSSION 


In regard to the possible protective effect of methylene blue on chronic 
diabetes, our results are not very impressive. It is true that occasionally a 
marked decrease was observed in the blood sugar value following the methylene 
blue injection. One of the rats did seem to show some clinical improvement. 
However, it must be emphasized that marked fluctuations oceur in the blood 
sugar value of diabetic rats at various times during the day, and that the greatest 
fluctuations are observed in rats with mild diabetes. It should also be emphasized 
that in the chronic diabetic rats treated with methylene blue, Highet and West 
observed the most marked therapeutic effect in the rats with only a moderate 
elevation of their blood sugars.!. The injection of a toxie compound which in- 
hibits the food intake of rats would also be expected to produce marked effects 
on the blood sugar values. We have found that rats which have maintained 
constant hyperglycemia may have a normal blood sugar shortly before death. 
One of our control diabetic rats (AA-218) maintained its blood sugar between 
250 and 500 mg. per 100 ¢.c. (fifty determinations made over a period of six 
months), yet for the several days prior to death the blood sugar fell to a near 
normal value, 160 mg. per 100 cubie centimeters. Since we found that the in- 
jection of methylene blue in doses of 50 mg. per kilogram killed six out of the 
thirteen rats injected, it is not unlikely that the toxicity of methylene blue could 
influence the blood sugar values. The decrease in water intake observed in 
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some of the methylene blue treated animals has also been observed to take 
place in untreated diabetic rats following the withdrawal of food, and also in 
the terminal stages of a severe diabetic state. Our results therefore suggest that 
methylene blue is not a very effective therapeutic agent in the treatment of 
experimental diabetes. 


SUMMARY 


The effect of methylene blue on the course of established alloxan diabetes 
was studied and in the majority of the injected animals no significant changes 
were observed. 
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A COMPARISON OF THE EFFECT OF VOLUNTARY 
HYPERVENTILATION IN NORMAL PERSONS, PATIENTS 
WITH PULMONARY EMPHYSEMA, AND PATIENTS WITH 
CARDIAC DISEASE 


RussELL H. Winson, M.D., Craig W. Borpen, M.D., RicHarp V. Epert, M.D., 
AND HERBERT S. WELLS, M.D. 
MINNEAPOLIS, MINN. 


WITH THE TECHNICAL ASSISTANCE OF JANET J. JOHNSON, B.S. 


HE respiratory system has two vital functions: to supply oxygen to the 
blood and to remove carbon dioxide from the blood during its passage through 
the lungs. The function of supplying oxygen to the blood has received much 
attention in the study of disease because of the importance of hypoxemia in 
many clinical states and the dramatic effectiveness of oxygen therapy in cor- 
recting this defect. The function of the lungs in eliminating carbon dioxide has 
received less attention in the study of disease states. Yet the proper excretion 
of carbon dioxide by the lungs is of great importance because of the intimate 
relationship between the carbon dioxide pressure and the pH of the plasma. 
This relationship is expressed by the Henderson-Hasselbalch equation! : 

; BHCO, 

pH = pK, + log Ti,cO, 

In normal human beings, respiration is so regulated that the alveolar carbon 
dioxide tension is maintained very close to 40 mm. Hg. As carbon dioxide is 
freely diffusible through the alveolar wall, the tension of carbon dioxide in the 
arterial blood is essentially the same as that in the alveoli. In patients with 
severe pulmonary emphysema there is marked interference with alveolar venti- 
lation and the carbon dioxide tension in the arterial blood rises. This is usually 
compensated by an increase in the buffer base so that the pH of the arterial 
blood remains normal.?~7 

A normal person can markedly increase ventilation by voluntary effort. 
Increased ventilation results in a reduction of the alveolar carbon dioxide ten- 
sion and the carbon dioxide tension of the arterial blood and a consequent in- 
crease in pH of the arterial blood.**'* It was thought of interest to determine 
whether patients with severe pulmonary emphysema in whom the carbon dioxide 
tension of the arterial blood tended to be elevated at rest could by voluntary 
hyperventilation lower this value and thereby raise the pH of the arterial blood. 
Kor comparison, a group of normal subjects and patients with cardiac disease 
were studied. 





From the Veterans Administration Hospital and the Departments of Medicine and Physiol- 
ogy, The Medical School, University of Minnesota. 


' Published with the approval of the Chief Medical Director. The statements and con- 
clusions published by the authors are the result of their own study and do not necessarily re- 
ect the opinion or policy of the Veterans Administration. 


, 5 caennted in part before the Central Society for Clinical Research, Chicago, Ill., Nov. 4 
and 5, 1949. 


Received for publication, March 31, 1950. 


119 








WILSON, BORDEN, EBERT, AND WELLS 


METHOD 


Kleven normal persons, twelve patients with severe chronic diffuse pulmonary emphysema, 
and fourteen patients with cardiac disease who had marked exertional dyspnea and a reduced 
vital capacity were selected for study. The total lung volume and its subdivisions were 
determined for each subject. On a subsequent day the minute volume of expired air, the 
oxygen uptake, and the carbon dioxide excretion were measured at rest and during a two- 
minute period of hyperventilation. The pH, carbon dioxide content, and oxygen saturation 
of arterial blood were determined at rest and after two minutes of hyperventilation. 

The total lung volume and its subdivisions were measured according to the method of 
Cournand and co-workers.14 Blood samples were collected anaerobically from the femoral 
artery and analyzed for oxygen and carbon dioxide content.15 Oxygen saturation of thie 
arterial blood was calculated from the oxygen content and capacity. Correction was not 
made for the error described by Roughton, Darling, and Root.16 The carbon dioxide tension 
of the arterial blood was calculated from the pH and carbon dioxide content using the 
nomogram of Singer and Hastings.s The pH of whole blood was measured with the glass 
electrode at 37.5° C©.17 The respiratory minute volumes at rest and during a two-minute 
period of hyperventilation were measured in a Tissot spirometer. Samples of spirometer gus 
were collected and analyzed for oxygen and carbon dioxide by the method of Van Slyke and 
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Fig. 1.—Graphic representation of the mean total lung volume and its subdivisions for normal 
persons, cardiac patients, and patients with pulmonary emphysema. 
RESULTS 

The values for residual air, vital capacity, supplemental air, complemental 
air, and total lung volume for the normal subjects and the two groups of patients 
are given in Table I and Fig. 1. The ratio of residual air to total lung volume 
for the group of patients with emphysema was 70 per cent, indicating the 
severe nature of the disease. 

The results of two minutes of voluntary hyperventilation for the three 
groups are given in Table II and illustrated in Figs. 2, 3, and 4. The normal 
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TABLE I. THE Toran LUNG VOLUME AND ITS SUBDIVISIONS 
PATIENTS 
NORMAL CARDIAC WITH 
PERSONS PATIENTS EMPHYSEMA 
Number of persons 1] 14 12 
Mean age Buel 50.1 53.2 
Body surface (sq. M.) 1.89 1.75 1.68 
Alveolar nitrogen retention % 1.14 + 0.26 1.33 + 0.43 S733 
Residual air (c.c.) 1,877 + 495 1,519 + 775 4,068 + 923 


Supplemental air (c.c.) 
Functional residual air (c.c.) 
Tidal air (ce.c.) 
Complemental air (c.c.) 
Vital capacity (c.c.) 

Total lung volume (c.c.) 


839 + 324 
2,716 + 682 
507 +74 
2,938 + 472 
4,284 + 572 
6,161 + 868 


581 + 294 
2,100 + 664 
625 + 239 
1,589 + 408 
2,796 + 508 
4,315 + 860 


485 + 226 
4,553 + 967 
513 +96 
788 + 315 
1,787 + 407 
5,854 + 1,130 








35.2 69.5 


atio of residual air to total 
lung volume (%) 


30.4 





subjects showed a marked increase in the minute volume of respiration over 
the resting level. Oxygen uptake increased twofold. A more spectacular find- 
ing, however, was a fourfold increase in the carbon dioxide elimination amount- 
ing to 1,003 ¢.c. per minute. In this instance, most of the eliminated carbon 
dioxide is probably liberated from the blood and body fluids consequent to a 
lowered alveolar carbon dioxide tension and little is formed from an in- 
creased catabolism. The pH of the arterial blood rose to alkalotie levels. The 
per cent oxygen saturation of the arterial blood was slightly but significantly 
increased. 

The results for the patients with cardiae disease were very similar to those 
for the normal subjects. Although the increase in minute volume and _ the 
quantity of carbon dioxide eliminated was not as great, the tension of carbon 
dioxide in the arterial blood fell and the blood pH rose to comparable levels. 


TABLE II. MEASUREMENTS BEFORE AND DURING HYPERVENTILATION 














NORMAL CARDIAC WITH 
PERSONS PATIENTS EMPHYSEMA 
Number of persons 1] 14 12 
Total minute volume (L./min.) Before 7.6 + 2.0 8.31.8 8.1+ 2.3 
During 43.2 + 9.6 26.0 + 2.7 11.623.9 
Oxygen uptake (c.c./min.) Before 269 + 34.7 273 + 66.9 247 + 35.4 
During 528 + 103.1 422 + 87.3 313 + 62.6 
Carbon dioxide eliminated Before 252 + 42.7 229 + 43.2 224 + 38.9 
(c.c./min. ) During 1,003 + 244.2 538 * 171.6 283 + 72.4 
Arterial oxygen content Before 18.0 + 0.88 LZ & 2.2 16.8 + 1.73 
(vol. %) During 19.1+1.3 17.8 + 2:3 17.3 + 1.99 
Oxygen saturation arterial Before 94.9 + 2.1 ps Ty fetal USL 82.3 + 8.5 
blood (%) During 98.4 + 1.8 94.6 + 2.0 84.9 + 3.4 
Carbon dioxide content, arterial Before 45.9 + 2.7 47.0 +5.9 54.3 + 6.3 
blood (vol. %) During 36.8 + 1.7 10.8 + 5.1 52.6 + 7.1 
pH, arterial blood sefore 7.41 + 0.02 7.43 + 0.02 7.40 + 0.04 
During 7.58 + 0.04 7.59 + 0.01 7.40 + 0.05 
Carbon dioxide tension, arterial Before S404 © 3.0 37.3 + 5.4 ' 49.6 + 10.2 
__blood (mm. Hg) During 22.14 2.6 24.3 + 0.99 47.4+11.6 
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The results for the patients with emphysema, on the other hand, stand in 
sharp contrast to those for the other two groups. There was an elevated tension 


of carbon dioxide and marked reduction in the per cent oxygen saturation of 


the arterial blood initially. The value for the former was 49.6 mm. Hg, and 


VOLUME of EXPIRED AIR LITERS per MINUTE 


Liters 
5 0r 





gai al 


Basal Hyperventilation Basal Hyperventilation Basal Hyperventilation 
Normal Cardiac Emphysema 
14 12 








Number 
of persons it 


Fig. 2.—Graphic representation of the minute volume before and during hyperventilation for 
normal persons, cardiac patients, and patients with pulmonary emphysema. 


CARBON DIOXIDE TENSION of WHOLE ARTERIAL BLOOD 
(mm Hg) 
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Basal Hyperventilation Basal Hyperventilation Basal Hyperventilation 
Normal Cardiac Emphysema 

Number 
of persons VW 14 12 

Fig. 3.—Graphic representation of the mean carbon dioxide tension of the arterial blood 
before and after hyperventilation for normal persons, cardiac patients, and patients with 
pulmonary emphysema. 
for the latter it was 82 per cent. Hyperventilation produced only a smal] in- 
crease in the minute volume of expired air and only a small increase in excreted 
carbon dioxide. The oxygen uptake increased less markedly than in the other 
groups and there was a slight rise in the per cent oxygen saturation of the 
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arterial blood. The crucial findings were the very small decrease which occurred 
in the carbon dioxide tension of the arterial blood, and the fact that the blood 
»H showed absolutely no change. 


DISCUSSION 


The patients with emphysema were able to increase their minute volume 
of respiration by only about 50 per cent in spite of a valiant attempt at hyper- 
ventilation. At the end of the period of voluntary hyperventilation, the patients 
were often completely exhausted. This impairment of the ability of patients 
with emphysema to increase their ventilation voluntarily has been noted 


pH CHANGES of WHOLE BLOOD DURING HYPERVENTILATION 











- Time— 2 Minutes 
7.6 OF— 
7.5 5-— 
7.5 OF— 
7.45 -— 
7.4 OF—- 
7.335 
7.30 , 4 ~— * 
Basal Hyperventilation Basal Hyperventilation Basal Hyperventilation 
Number Normal Cardiac Emphysema 
of persons VW 14 12 


Fig. 4.—Graphic representation of the mean pH of the arterial blood before and after hyper- 
ventilation for normal persons, cardiac patients, and patients with pulmonary emphysema. 
previously.® 1° Seott? and others*® ?° have observed that the inhalation of vary- 
ing concentrations of carbon dioxide in the inspired air produces a much smaller 
increase in ventilation in patients with emphysema than in normal persons. It 
is apparent that the loss of elasticity of the lungs, the increase in residual air, 
and the alterations in the mechanics of respiration prevent the patient with 
severe pulmonary emphysema from increasing his ventilation except to a limited 

extent. 

The physiologic defect in pulmonary emphysema exists not only in a 
limited ability to inercase ventilatory volume, but also in the obvious ineffective- 
ness of whatever ventilation may be achieved. In other words, a minute volume 
of 11.5 L. per minute, which was attained by the group with emphysema on 
maximum effort, would undoubtedly be adequate to lower the carbon dioxide 
tension in the alveoli and arterial blood of normal persons. In the patients with 
emphysema, however, this volume of ventilation did not significantly lower the 
high carbon dioxide tension of the arterial blood and the blood pH was not 
changed. It is apparent, therefore, that a certain amount of the total venti- 
latory volume enters relatively avascular bullae or nonfunctioning alveoli, and 
that, as a result, many functioning alveoli are inadequately ventilated. 
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The patients with cardiae disease, in contrast to those with emphysema, 
behaved in a manner similar to the normal subjects. This supports the con- 
ception that there is no impairment of alveolar ventilation in patients with 
cardiae disease and accounts for the frequent occurrence of respiratory alkalosis 
during attacks of cardiac asthma.?? 7? 


The threat of respiratory acidosis to the patient with emphysema has been 
insufficiently emphasized. Loss of ventilatory control over blood carbon dioxide 
tension renders these patients particularly vulnerable to respiratory acidosis. 
A decrease in alveolar ventilation in a portion of the lungs due to bronchitis, 
pneumonia, or surgery of the thorax or abdomen cannot be compensated by 
increased ventilation in the remainder. As a result, the carbon dioxide tension 
of the arterial blood rises, with a resultant fall in the pH. Eventually, the slow 
renal mechanism will increase the blood buffer base, but in the meantime death 
may occur. In hospitals where oxygen therapy is readily available to correct 
the hypoxemia of severe pulmonary emphysema, respiratory acidosis is a common 
cause of death. Illustrative cases are documented in Table IIT. 


SUMMARY AND CONCLUSIONS 


The effect of voluntary hyperventilation was studied in eleven normal 
persons, twelve patients with severe chronic diffuse pulmonary emphysema, and 
fourteen patients with cardiac disease. 

The normal subjects and cardiae patients had a marked increase in minute 
volume of ventilation, together with a fall in the carbon dioxide tension and a 
rise in pH of the arterial blood. 

The patients with emphysema initially had an elevated carbon dioxide 
tension, a lowered oxygen saturation, and a normal pH of the arterial blood. 
Hyperventilation led to little or no alteration of these values and increased 
the minute volume of ventilation only slightly. 

These studies indicate that patients with severe pulmonary emphysema have 
no ventilatory control over the carbon dioxide tension and pH of arterial blood 
and are therefore prone to develop respiratory acidosis. 

Cases are cited to illustrate the common occurrence of respiratory acidosis 
as a cause of coma and death in pulmonary emphysema. 
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LIMITED USEFULNESS OF MALE AMPHIBIA FOR PREGNANCY TESTS 


O. J. Pouuak, M.D. 
Quincy, Mass. 


EFFORTS to find a rapid, reliable, and inexpensive biologic pregnancy test 
Ek led to the use of the South American male toad (Bufo arenarum Hensel ) 
by Mainini':? and of the North American spotted male frog (Rana pipiens) 
by Wiltberger and Miller.* It seems superfluous to enumerate all the reports on 
the use of other male amphibia such as Bufo melanostictus, Bufo stomaticus, 
Bufo woodhousii Girard, Bufo americanus, Bufo marinus, Rana tigerina, Rana 
vittigera, and Hyla aurea. 

Initial reports on the use of male amphibia for pregnancy tests were 
enthusiastic. Mainini’* claimed the specificity for toads as 99 per cent. 
Wiltberger and Miller* obtained with frogs 100 per cent reliable results by 
using urine samples of women in the first six months of gestation. Robbins 
and Parker,* ° who popularized the use of male frogs, reported the accuracy 
of tests as 98 per cent. Later, they® revised this figure to 96 per cent. As 
time went on and the number of urine and blood samples injected into male 
amphibia increased, references were made to technical difficulties and also to 
discrepancies in results of tests. 

Robbins and Parker? first recommended blood serum for injection because 
of the toxicity of many urine specimens. In a subsequent communication® 
they advised the use of detoxified urine because they had experienced 15 to 20 
per cent of false negative results with serum, Haskins and Sherman’ employed 
blood serum because of its higher gonadotrophin content as compared with 
urine. They injected male frogs intraperitoneally instead of the commonly 
practiced injection into the dorsal lymph sac. 

False negative results using English male toads numbered 8 per cent in a 
series of Klopper and Frank.* Wiltberger and Miller* encountered 50 per cent 
false negative results when urine of women who were in the last trimester of 
gestation was injected to male frogs. Among 300 tests, Robbins and Parker® 
found 122 correct positive, 165 correct negative, 12 (or 4 per cent) false nega- 
tive, and 1 false positive reaction with urine injected into male frogs. The 
single false positive result was obtained with a specimen from a woman who 
had obstructive jaundice. Gardner and Harris’ reported 43.7 per cent false 
negative results with Rana pipiens among 256 urine samples of pregnant women 
and 1.7 per cent (a single test) false positive with 60 specimens of nonpregnant 
women, 

EXPERIMENTAL 

During the course of twelve months, 200 pregnancy tests were performed simul 
taneously on one female rabbit and two male frogs. Urine or blood serum was injected in 
the manner described in original communications concerning these biologic tests. 
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It appeared superfluous to use more than two frogs as our supplier* of amphibia 
furnished us with male frogs exclusively. Thus, the possibility that a false negative result 
might be due to injection of female frogs was excluded. A search for spermatozoa in the 
fluid from the frogs’ cloaca was made in thirty-minute intervals until a positive observa- 
tion was made, or for a maximum period of three hours. Not a single instance of diver- 
gence in the response of a pair of frogs injected with the same substrate was noted. 


RESULTS 


An analysis of our results is presented in Table I. 


TABLE I. ANALYSIS OF 200 PREGNANCY TESTS ON RABBITS AND FROGS 





























MONTH 
1 TO 5 AND 12 | 6 TO 1] | 1 70 12 
URINE | SERUM | TOTAL | URINE | SERUM | TOTAL | URINE | SERUM | TOTAL 
R+ F+ 23 9 32 16 5 21 39 14 53 
R- F- 62 10 72 33 21 54 95 31 126 
R- F+ 0 0 0 1 0 1 1 0 a” 
R+ F- | 0 +O 0 13 7 20 13 7 20 
Total 85 19 104 | «63 33 96 | 148 52 200 
R, Rabbits; F, frogs. 
+, Positive; —, negative. 


*Questionable positive. 


The single false positive result in our series (Table I) could be reported 
as doubtful: spermia were found after two hours in both animals but were 
inactive, while in all other instances of positive findings the spermia were 
motile. The urine sample used for this test had been mailed in and was over 
24 hours old when injected. The 38-year-old patient had a fast-growing papil- 
lary adenocarcinoma of the left ovary with spread to the peritoneum. 

In the series of 200 tests, the results obtained with rabbits were proved 
correct. The total number of false negative results with frogs was twenty 
(10 per cent of the total series). No false negative results were encountered 
in the last month of the year and through the first six months. All erroneous 
negative results occurred from June through November. In this period of 
time, ninety-six samples were processed—sixty-three urines and thirty-three 
blood serums. There was hardly a difference in the number of correct and in- 
correct results whether urine or serum was used. Correct positive reactions 
during these six months numbered twenty-one, correct negative fifty-four; 
only one test was false positive while twenty (over 20 per cent) were false 
negative. The forty-one women were either in an early phase of pregnancy or 
in an advanced stage; all were in the first two trimesters of gestation. From 
July through September, no frog reacted to the injection of blood serum of 
pregnant women. In September, not a single frog responded to injection of 
either urine or serum of pregnant women. In November, a single false nega- 
tive result was obtained with a urine sample. 


DISCUSSION 


Observation of the low reactivity of the male frog to injection of urine or 
serum containing gonadotrophins was reminiscent of the report of Robbins 





*Marine Biological Laboratories, Woods Hole, Mass. 
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and Parker’® concerning the fact that during the months of June, July, and 
August the male frog does not react to injection of epinephrine. During the 
rest of the year, injection of epinephrine released spermatozoa in the North 
American frog in the same manner as injection of luteinizing chorionic 
hormone. No explanation was found for the lack of reactivity to epinephrine 
during the summer months. The lack of response to injection of gonado- 
trophins seems to us to reflect the absence of spermatogenesis of male amphibia 
in nature during the estival anovulatory period of the female. It might be 
added that the fall of the year over which our studies extended was unusually 
warm. 

In view of the short time required for prenancy tests with male frogs 
and of the low cost of the animals, it seems advisable in every instance of ques- 
tionable pregnancy to inject a frog with either urine or blood serum. This 
should be done regardless of the season of the year. A prompt positive result 
is of great value in the case of suspected ectopic pregnaney. <A rapid quantita- 
tive assay of gonadotrophins is desirable in the case of a hydatid mole. One 
must be aware of the fact that only a positive result of a pregnancy test per- 
formed on male frogs is of value. Whenever the result of the test with male 
amphibia is negative one must either employ another animal species for a 
biologie test or assay the pregnandiol content of urine to diagnose or to exclude 
pregnancy. 

SUMMARY 


The results of a series of 200 pregnancy tests using simultaneously a rabbit 
and two male frogs for each specimen are reported. During the summer 
months, frogs rendered 20 per cent false negative results.* An attempt is made 
to explain this phenomenon. The total number of false negative results in the 
series was 10 per cent. <A positive result obtained with male frogs is reliable. 
A negative result cannot be relied upon and has to be confirmed or repudiated 
by other pregnancy tests. 
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*Similar observations were reported since this article was submitted: Samson, M.: Sea- 
sonal Variation in Sensitivity of Rana pipiens to Chorionic Gonadotropin, Science 111:231, 1950. 











ESTIMATION OF INCREASED GAMMA GLOBULIN AND FIBRINOGEN 
IN CEREBROSPINAL FLUID 


A SeriAL DILUTION-FLOCCULATION METHOD 


ABRAHAM SAIFER* 
BROOKLYN, N. Y. 


HIS paper deals with the application of the Hanger flocculation test to a 
semiquantitative determination of abnormal amounts of gamma globulin 
and/or fibrinogen in cerebrospinal fluid. The results are compared with the 
Lange colloidal gold test’ and with the quantitative immunochemical method 
for gamma globulin of Kabat and co-workers? for both normal and abnormal 
cerebrospinal fluid. 


EXPERIMENTAL 


Reagents.—Cephalin-cholesterol emulsion—prepared from the Difco product, according 
to Hanger.* After cooling to room temperature, do not let emulsion stand more than three 
hours before using. Control No. 386164 was used. 

Procedure.—F¥or each cerebrospinal fluid set up six Pyrex test tubes (75 mm., 12 mm. 
outside diameter) in a Wassermann rack. Add 0.5 ml. of 0.9 per cent sodium chloride solu- 
tion to each tube. Pipette 0.5 ml. of the cerebrospinal fluid into the first tube of the series. 
Of the well-mixed contents, transfer 0.5 ml. from the first tube to the second. Repeat the 
dilutions serially. To each tube, add 2.0 ml. of Hayem’s solution4 and 0.5 ml. of the 
cephalin-cholesterol emulsion. After inversion mixing, let the solutions stand in a water 
bath at 37.5° C. for two hours. Then record the degree of flocculation from 0 to 4+. For 
total flocculation units, add the readings in the series. 

The time at which the flocculation readings are made is important, All normal cere- 
brospinal fluids are positive after twenty-four hours’ standing at 37.5°, while some are posi- 
tive after even three hours’ standing at that temperature. The two-hour reading best 
differentiates normal from diseased spinal fluids for the particular emulsion used. How- 
ever, this reading time may vary for different lots of Difco cephalin-cholesterol reagent. 


RESULTS 


Some typical results in comparison with Lange’s colloidal gold procedure 
obtained for the same cerebrospinal fluids are given in Table I. Table II is a 
summary of all the cases run. 

Determination of Protein Fraction Flocculated—tIn order to determine 
which protein fractions were involved in the flocculation, electrophoretically 
determined protein fractionst were tested. The results are given in Table III. 
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INCREASED GAMMA GLOBULIN AND FIBRINOGEN IN CEREBROSPINAL FLUID 
TABLE I, COMPARISON OF FLOCCULATION METHOD WITH COLLOIDAL GOLD PROCEDURE 
% NUMBER 
OF CELLS 
TUBE TOTAL | PERCU. 
CASE 133456 COLLOIDAL GOLD PROTEIN MM, DIAGNOSIS 
NORMAL CASES 
4% 0—~0—0—0—0-0 0—0-—1—1-0-—0-—0-0-0-0 18.4 Psychoneurosis ; 
hearing impair- 
ment 
9 0-0-0-1-0-0 0-0-0-0-0-0-0-0-0-0 36.1 Psychogenie head- 
aches 
ar" 0-0—0-—0-0-0 0-1-1-1-0-0-0-0-0-0 = 311.5 Hysteria 
10 0—0-—21—0-0 0—0—0—1—1—0+0-0-—0-0 40.0 Conversion hysteria _ 
18 0—1—1—0-0-0 0—0-1—1—0—0—0—0—0-0 37.8 Neuropsychiatric 
observation 
DISEASE CASES 
25t 0-1-2-4—3-0 4-—4—4—-2—1—0—0—0-0-0 87.0t Syphilis 
23a 3/9 0—0-—2—4-3—-0 4—4—4—3-—1—0-—0—0-0-0 56.6§ 57. General paresis 
23b 4/22 0—0-—1—0—0-—0 0—0—0—0-—0—0-—0—0-—0-0 34.8 Same case after 
treatment a 
56a 6/15 4—-4—4—4—4-] 0-0—0—1-2—2-1-0-0-0 195. || 10 Encephalitis; un- 
known origin | 
56b 6/20 0-3-3-—2-1-1 0-—0—1-2—1-1-0-0-0-0 129 || 0 Same case after 
a es _treatment 
*Twenty-four hour flocculation reading: 0-1-1-2-2-1. 
*Twenty-four hour flocculation reading: 0-2-3-4-4-2. 
tBlood Kahn: 8+. 
§C.S.F. Wassermann: 4+; all others were negative. 


TABLE II. SUMMARY OF ANALYTICAL DATA FOR 100 HUMAN CEREBROSPINAL FLUIDS 
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NUMBER OF 
































COLLOIDAL GOLD VALUE* | TOTAL FLOCCULATION READING CASES 
Normal cases 0 15 
0-1 1 2 
2 2 

3 ee pi ee 

Normal range 0 — 3 units— 20 Total 
Various neurological 0-3 30 

diseases 4-8 . 

0-1 Range 0 — 8 units 36 Total 
2 0-3 6 
4-9 12 

High | 10 

protein > 15 3 

values J 21 a : 

a Range 0 — 21 units 21 Total 

3 4-11 units _. 6 ; 
“a 7 — 12 units 6 
5 8 - 17 units 1] 








*Highest reading obtained in any single tube of the series. 
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TapbLe LIL. DererMINATION OF PROTEIN FRACTIONS FLOCCULATED 


| PROTEIN (MG.) 





























| 0.05 | 0.025 | 0.0125 | .0063_ | ~—«.0032 
Fibrinogen (Fr. 1) 3 2 we <a Ps 
Gamma globulin (Fr, IL) _ 3 (Si. Sere Abe See, : 
Alpha and beta globulin 0) 0 0 0 0 
(Lipid-rich Fraction IV-1) 1ST a s 
Alpha and beta globulin 0 0 0 0 0 

(Lipid-poor Fraction I1V-4) —_—(0.25 0.125 0.063 0.032 0.016 
Albumin, human crys. eS. eee ae... ; 0 








Gamma globulin and fibrinogen were tested in the presence of varying 


amounts of normal cerebrospinal fluid. The results for gamma globulin are given 
in Table IV. Similar results were obtained for fibrinogen, although the sensi- 
tivity is somewhat less than for gamma globulin. The gamma globulin content 
of twenty-five cerebrospinal fluids* was analyzed according to Kabat? and by the 
present procedure. (Table V.) 


TABLE LV. FLOCCULATION OF GAMMA GLOBULIN IN NORMAL CEREBROSPINAL FLUID 





VOLUME OF | 
CEREBROSPINAL | 





FLUID* GAMMA GLOBULIN CONTENT (MG. PER TUBE) 











(ML. PER TUBE) 05 | 025 | 0125 | .0063 | .0032 | .0016 | .0008 — 
me ~ ae ie aa... > a ll 0 
“25 2 - 0 he 0 ‘ 0 8 Cah 0 cl Tie 0 Sit 0 ; 0 
125 2 1 1 1 4] 9 0 
063 4 4 4 4 3 1 0 
032 = ae —- 4 8 2 0 
016 4 4 4 3 | 0 0 
008 4 4 4 9 0 0 0 





*Gamma globulin content of normal cerebrospinal fluid used was 4.5 mg. per cent by 
Kabat’s immunochemical method. 


TABLE V. COMPARISON OF RESULTS OBTAINED WITH THE FLOCCULATION METHOD WITH THOSE 
OBTAINED BY KABAT’S IMMUNOCHEMICAL METHOD FOR GAMMA GLOBULIN 

MINIMUM GAMMA GLOBULIN 

CONCENTRATION AT WHICH 














NUMBER FLOCCULATION GAMMA GLOBULIN VALUES FLOCCULATION OCCURS 
OF CASES RESULTS (MG. %) (MG.) = 
10 0-3 units 2-6-5.5 
(normal range) Average 4.4 
Normal range 2-6 
13 4-23 units 6.1-54. -0013-.0024 
Average 12.2 Average .0020 
2 4 5.4* 
5 5.9* 





*These fluids may contain fibrinogen as well as gamma globulin. 


SUMMARY 


A semiquantitative serial dilution-flocculation method is described for the 
determination of abnormal amounts of gamma globulin and/or fibrinogen in 
human cerebrospinal fluid. 


*Obtained through the courtesy of Dr. E. A. Kabat, Department of Bacteriology, College 
of Physicians and Surgeons, Columbia University. 





to 
gi 
ps 
st 
Se 


co 


H: 














INCREASED GAMMA GLOBULIN AND FIBRINOGEN IN CEREBROSPINAL FLUID 133 


The method is a modification of the Hanger cephalin-cholesterol floecula- 
tion reaction. 


The author wishes to express his appreciation to Mr. Carmine Benante of the Labora- 
tory Staff of the Manhattan Beach Veterans Hospital for performing the many colloidal 
gold determinations used in these studies and to Dr. William A. Florio, Chief of the Neuro- 
psychiatric Service of the Manhattan Beach Veterans Hospital, and Dr. Joseph N. Oren- 
stein, his associate, for their aid in selecting and diagnosing the many cases from their 
Service for these studies. 

The author is also grateful for the helpful advice and suggestions made during the 
course of this work by Dr. E. A. Kabat of the Department of Bacteriology and Dr. F. M. 
Hanger of the Department of Medicine of the Columbia University Medical School. 
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DANGER OF FALSE RESULTS USING SCREW-CAPPED TUBES IN 
DIAGNOSTIC BACTERIOLOGY 


STANLEY Marcus, Pu.D., ANp Carol GREAVES, B.S. 
SaLt LAKE City, UTAH 


HE increasing use of screw-capped test tubes and bottles in bacteriology 

laboratories is apparent to ali workers in this field. Some of the many 
advantages obtained through the use of this equipment have been noted by 
McCartney.’ The routine use of this type of closure, however, may be attended 
with some danger of false results. Consistent variations from the usual types 
of reactions were noted during the course of testing biochemical activities of a 
series of enterie pathogens using media in screw-capped test tubes. 


PROCEDURE 


Difco products, Kligler’s Iron Agar (KIA) and Russel’s Double Sugar Agar (RA) 
were used. After individual experiments had shown the reproducibility of the original 
observation, a definitive experiment, which has been reproduced repeatedly for demonstration, 
was set up. A series of three slants of KIA (1 in. butts; 14% in. slants) for each organism 
tested were prepared in 6 in. long, 16 by 125 mm., screw-capped (plastic) test tubes 
(Kimble). The screw caps were replaced by sterile cotton plugs in one set of tubes. Each 
set of three tubes was then inoculated by stab and slant streak with stock cultures previously 
proved pure. 

The organisms used were: Shigella dysenteriae, Shigella paradysenteriae (Flexner 
type), Shigella sonnei, Salmonella paratyphi A, Salmonella schottmiillert, Salmonella typhosa, 
Escherichia coli, and a paracolon organism which agglutinated in polyvalent Flexner antiserum 
but fermented sucrose in twenty-four hours. 

After inoculation, one set of the serew caps of each series was loosened; the other 
set was tightened. All tubes were then incubated at 37° C. until the following morning. 
The tightened caps were loosened after the reactions had been noted. The tubes were then 
kept at room temperature and reread after six to eight hours and again the following 
morning, i.e., about twenty-four hours after removal from the 37° C. incubator. 

RESULTS 

The results are tabulated in Table I. It is evident that all organisms 
tested responded in characteristic manner in the cotton-plugged tubes and the 
loosened screw-capped tubes containing slants of KIA. The reactions in the 
tightly capped tubes, however, are aberrant in that an acid slant is noted in 
each case. Reactions with RA were the same. When cotton-plugged tubes were 
inoculated and then tightly closed with rubber stoppers results exactly similar 
to those obtained with both KIA and RA in tightly serew-capped tubes were 
noted. 

In all cases in which the unusual acid slant occurred, loosening of screw 
cap or removal of the rubber stopper resulted in the appearance of the standard 
alkaline slant within eight to twelve hours. 

From the Department of Bacteriology, College of Medicine, University of Utah, and the 
Latter-Day Saints Hospital. 

Received for publication, March 10, 1950. 
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TABLE I. Errect or Tight CLOSURE OF SCREW-CAPPED TEST TUBES ON REACTIONS 
OF ENTERIC ORGANISMS IN KLIGLER’S MEDIUM 








TUBE 3 








TUBE 2 TUBE 3 (AFTER CAP WAS 
TUBE 1 (LOOSENED (TIGHTENED LOOSENED 

(COTTON PLUGS) SCREW CAP) SCREW CAP) 8-12 HOURS) 

ORGANISM SLANT BUTT HS | SLANT BUTT H,S | SLANT BUTT H.S | SLANT BUTT H,.S 
S. dysenteriae Alk. A — Alk. A — A A - Alk. A -— 
§. paradysenteriae Alk, A - Alk, A — A A - Alk, A - 

(Flexner ) 

8. sonnei Alk. A - Alk. A -— A A ~ Alk. A — 
S. paratyphi A Alk, AG - Alk. AG - A AG - Alk. AG - 
8. schottmiilleri Alk. AG + Alk. AG + A AG 4 Alk. AG + 
8. typhosa Alk,. A + Alk, A f A A { Alk. A + 
Esch. coli A AG - A AG - A AG - A AG - 
Paracolon Alk. A -- Alk. A - A A = Alk. A _ 





Alk., Alkaline; A, acid; G, gas; —, absence; +, presence; A, unexpected acid reaction. 


An experiment was devised to determine whether the acid slant obtained 
in the tightly closed tubes was due to presence of an increased partial pressure 
of CO.. Tubes of KIA medium were prepared containing small bore tubes 
made from 8 mm. glass tubing. The small tubes were attached to the inner wall 
of the KIA tubes well above the medium. A strip of filter paper cut to reach 
its top was placed in the small tube. Enough 50 per cent sodium hydroxide was 
then added to the small tube to fill it to about one-fourth of its capacity. 

The sterile tubes, including controls, were then inoculated with some of the 
organisms previously used. The organisms, S. typhi, S. paratyphi A and B, 
8. dysenteriae, and S. paradysenteriae (Flexner type) produced a typical reac- 
tion (i.e., alkaline slant, acid butt) in KIA tubes containing sodium hydroxide 
solution despite the fact that these tubes were tightly closed. Control tubes 
closed with cotton plugs showed similar reaction. Control tubes tightly capped 
or rubber stoppered showed the acid slant appearance in every case. 

The reaction of the tubes containing Esch. coli was not changed by the 
presence of the sodium hydroxide solution. 


DISCUSSION 


Shunk and Johnson? investigated the growth of certain organisms in 
plastic screw-cap closed test tubes in a systematic manner. They found that 
the growth of Bacillus subtilis and Sarcina lutea in nutrient broth and agar 
was as vigorous with tightly screwed caps as when cotton plugs were used. 
Growth and fermentation by Saccharomyces cerevisiae and Esch. coli in glucose 
broth resulted in some gas compression without unfavorable results. Me- 
Cartney' has noted that primary isolation from sputa of Mycobacterium 
tuberculosis occurs as readily in plastic serew-cap closed prescription bottles as 
it does on media in cotton-plugged test tubes sealed by classical techniques. 

The results reported herein with enteric organisms show no difference in 
degree of growth on agar, as judged by gross appearance, whether tightly closed 
tubes or tubes with free access to atmospheric gases were used. The variation 
In the reaction of the slants of the differential media used was presumably a 
result of some chemical changes which occurred as a function of the closed 
system. These reactions could be reversed by exposure to atmospheric conditions. 
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This is in agreement with that aspect of Wheeler’s* report which deals 
with RA tubes inoculated with the typhoid organism and sealed off at atmos- 
pheric pressure. 

It will be noted that the acid slant variation was obtained with both 
aerogenic and anaerogenic species. 


CONCLUSIONS 


The culture of pathogenic enteric bacteria on differential media contained 
in tightly closed serew-capped or rubber-stoppered tubes results in a biochemical 
reaction which consistently varies from the type usually obtained in cotton- 
plugged tubes of media. This unusual reaction is characterized by an acid 
slant. The aberrant reaction does not occur if the screw caps are loosened before 
incubation. 

It was concluded that the unusual acid slant noted in tightly closed tubes 
of RA or KIA inoculated with enteric pathogens was the result of an increased 
pressure of CO, in these tubes. 
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THE QUANTITATIVE ESTIMATION OF BENCE JONES PROTEINS 
IN URINE 
JoHN J. ENGELFRIED, D.P.H.* 
MEMPHIS, TENN. 


N THE present procedure protein is separated from albumin by coagulation 
| with heat and filtration of the almost boiling urine through a filter submerged 
in a boiling water-bath. On cooling the filtrate to room temperature the quan- 
tity of Bence Jones protein is determined turbidimetrically after precipitation 
with sulfosalicylie acid. 





Fig. 1.—Apparatus for filtration of urine for separation of Bence Jones protein from 
albumin. This apparatus is partially submerged in the boiling water bath. The surface of 
water in the bath must be above the level of the urine in the funnel. 





_From the Laboratory Service, Veterans Administration Medical Teaching Group, Kennedy 
Hospital, Memphis, Tenn; work completed in 1947. 
Met Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the author are the results of 
his own study and do not necessarily reflect the opinion or policy of the Veterans Administration. 


Received for publication, March 13, 1950. 
*Present address: Naval Medical School, National Naval Medical Center. Bethesda, Md. 
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METHODS 

Separation of Proteins.—Transfer approximately 50 c¢.c. of filtered urine to a 250 c.e, 
flask. (Fig. 1.) If the urine is neutral or alkaline in reaction, acidify with a few drops of 
5 per cent acetic acid. Heat the urine in a boiling water bath or carefully over a flame, until 
it begins to boil, to coagulate the albumin. Intermittently shake the flask to prevent inclusion 
of Bence Jones protein in large masses of coagulated albumin. Filter, without cooling. When 
approximately one-half of the urine has passed through the filter, remove the apparatus from 
the water bath and immediately discard the unfiltered urine. Cool the filtrate to room 
temperature. 

Quantitative Determination of Bence Jones Proteins.—Transfer 2.5 c.c. of the filtrate 
to a test tube containing 7.5 ¢.c. of 3 per cent sulfosalicylic acid. Mix, allow to stand for 
ten minutes, and compare with permanent albumin standards.” 


RESULTS 
Effectiveness of Submerged Hot Filtration.—Urine specimens were collected 
from a patient with multiple myeloma. All specimens contained albumin. The 
effect of temperature of filtration is shown in Table I. Some of the Bence Jones 


protein was removed with the albumin when the hot urine was filtered at room 
temperature. 


TABLE I, SEPARATION OF BENCE JONES PROTEIN FROM ALBUMIN* 





| | 





BENCE JONES PROTEIN 
FILTRATION OF HOT URINE 
SUBMERGED IN | AT ROOM 
TEMPERATURE 








ALBUMIN t 








TOTAL PROTEINS | 
(MG./100 C.C.) 


(MG./100 ©.C.) 


WATER BATH 
(MG./100 C.C.) | 





(MG./100 C.c.) 


40 25 15 5 
55 32 23 15 
70 47 23 18 
75 a7 18 8 
90) 65 25 5 
70 30 40 20 
45 25 20 5 
60 35 25 10 
75 53 22 20 
50 20 30 15 
65 25 40 25 
40 10 30 15 
30 15 15 10 
40) 25 15 0 
30 20 10 5 
25 20 5 t) 
35 20 15 as 
530 20 10 10 
30 20 10 10 
30 25 5 0 
25 20 5 0 
25 20 5 0) 
30 20 10 10 
35 25 10 5 
25 15 10 10 
20 10 10 Trace 
20 15 5 0) 
10 0 0 





10 





*Results of successive specimens on the same patient with multip!e myeloma during a SsIx- 


day interval. 


+Obtained by subtracting the Bence Jones protein (submerged filtration in boiling water 
bath) from the total proteins, determined by the same method without heating the urine. 


*Kingsbury, F. B., Clark, C. P., 
of Albumin in Urine, J. Lab. & Clin. Med. 11: 981, 1926. 
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Sensitivity of Sulfosalicylic Acid in Detecting Bence Jones Protein —A 
urine containing 55 mg. per cent of Bence Jones protein was diluted with pro- 
tein-free urine to prepare a series of specimens containing from 1 to 50 mg. 
per cent of Bence Jones protein. All albumin previously had been removed by 
submerged hot filtration. The results are shown in Table IT. 


TABLE II. SENSITIVITY OF SULFOSALICYLIG ACID IN DETECTING BENCE JONES PROTEIN 





CONCENTRATION OF QUANTITY OF PROTEIN 











BENCE JONES DETERMINED WITH 
PROTEIN TURBIDITY AT VARIOUS TEMPERATURES SULFOSALICYLIC ACID 
(mG./100 c.c.) 23° C, | 60° Cc. | 98° Cc. (MG./100 C.c.) 
~ None Clear Clear Clear Negative 
Clear Clear Clear Questionable 
3 Clear Clear Clear Trace 
5 Questionable Slight Clear 5 
10 Slight Moderate Clear 10 
15 Moderate Moderate Clear 15 
20 Moderate Marked Clear 25 
30 Marked Marked Clear 30 
40 Marked Marked Clear 40 
50 Marked Marked Clear 50 








Specificity of Method.—Thirty routine specimens, two containing blood, 
varied in protein content from 5 mg. per cent to 280 mg. per cent but contained 
no Bence Jones protein, nor did specimens collected from normal individuals 
and patients with various diseases including portal hypertension, Hodgkin’s 
disease, diabetes mellitus, and aplastic anemia. 

Blood serum, serum albumin, and serum globulin added to protein-negative 
urine (final protein concentration 50 mg. per cent) were not detectable as Bence 
Jones protein. 


SUMMARY 


A senstive, accurate procedure is presented for the determination of 
Bence Jones protein in urine. A high filtering temperature is necessary for 
complete separation from urinary albumin. The separated Bence Jones protein 
is determined turbidimetrically by precipitation with sulfosalicylie acid. 








A DIRECT WRITING, SIX CHANNEL OSCILLOGRAPH 


Henry A. ZIMMERMAN, M.D., anp Roy W. Scorrt, M.D. 
CLEVELAND, OHIO 


ITH the cooperation of the Brush Development Company of Cleveland, 

we have adapted their direct writing, six channel oscillograph for recording 
simultaneously such data as the electrocardiogram, arterial blood pressure, intra- 
cardiac or pulmonary arterial pressure, the respiratory cycle, time in seconds, 
and the ballistocardiogram. 

By the use of proper strain gauges and suitable electronic amplifying 
equipment, one may convert pressure variations and displacements into electrical 
impulses which are then recorded. We have found that this system records 
accurately variations in the blood pressure as checked with the Hamilton manom- 
eter. Furthermore, it has other desirable features. Data simultaneously re- 
corded are immediately available. The equipment is assembled on a eart and 
may be transported to any site of operation where ordinary 60 cycle alternating 
current is at hand. 


DESCRIPTION OF EQUIPMENT 


The equipment assembled as a mobile unit is shown in Fig. 1. It is a Brush Model 
BL-206 direct inking oscillograph, consisting of six magnetic pen motors mounted in a line. 
These respond to electrical currents varying from 0 to 120 cycles per second, and produce 
a record with a maximum amplitude of 40 millimeters. The chart paper is 12 inches wide 
and is supplied in rolls of 850 feet, so that a continuous record at 25 mm. per second can 
be made for 1.8 hours. To conserve paper during the preliminary calibration time, a speed 
of 4 mm. per second is provided. 

Excepting the electrocardiographic channel, all pickups are of the resistance-sensitive or 
strain gauge type based on the fact that a wire subjected to mechanical strain has its electri- 
cal resistance correspondingly altered, provided its elastic limit is not exceeded. By placing 
the strain gauge element of the pickups into an A.C. bridge circuit with an amplifier and 
detector, a voltage corresponding in magnitude and direction to the strain is produced. This 
is then amplified to drive the pen motors. A circuit diagram of the Brush Strain Analyzer 
(BL-310) is shown in Fig. 2. Strain gauge pickups may have one, two, or four arms of the 
Wheatstone Bridge as active elements. Fig. 3 shows a circuit diagram of the Brush six 
channel oscillograph with five of the channels used as indicated. 

Channel 1 is contemplated to be used for an impedance type of finger plethysmograph, 
which is being designed, and if perfected this channel will be used to record peripheral blood 
flow. Channel 2 is used to record respiration. This consists of a single strain gauge mounted 
in a rubber strip which is taped across the patient’s chest. 

The respiratory movements change the length of this strip and this in turn alters the 
strain across the gauge in direct proportion to the movement of the thoracic cage. The strip 
can be applied in any position so that the effects of emphysema and small movements of the 
thoracic cage can be recorded easily. For accuracy in determining time relations, a rotating 
shortening bar is used to develop a pulse every second in the respiratory channel. 


From the Department of Medicine, Western Reserve University, and the Medical Service, 
Cleveland City Hospital. 


Read by title at the Twenty-first Annual Meeting of the Central Society for Clinical 
Research, October, 1948. 


Received for publication, March 17, 1950. 
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Fig. 1.—The Brush six channel, direct writing oscillograph assembled as a mobile unit. 


Channel 3 is used to record the intracardiac blood pressures. ‘The pressures in the 





tight auricle, right ventricle, or pulmonary artery are recorded by a Statham pressure gauge 
of 15 p.s.i. rating. If a double lumen catheter is employed, channel 5 may be used. 

Channel 4 is used to record arterial blood pressure. The pressure recorder is a Statham 
pressure unit having a2 maximum rating of 15 p.s.i. attached to a Cournand B-D arterial 
needle, 

Channel 5 is used to record the ballistocardiograph which is obtained by means of a 
special strain gauge displacement pickup mounted on the end of the ballistocardiograph table. 
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Channel 6 is used to record the electrocardiograph, either from the intracardiac leads or 
the conventional leads. A Sanborn Viso-Cardiette has been so modified that by a simple 
switch it can be used independently or recorded on the oscillograph. 

In Fig. 4 is reproduced a typical record made with the Brush oscillograph, in which 
are recorded simultaneously respiration, pressure variations in the right ventricle, left ventricle, 
femoral artery, and the electrocardiogram. 
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Fig. 2.—A circuit diagram of the Brush strain analyzer (BL-310). 


In Fig. 5 is a ballistocardiogram recorded with a one channel Brush oscillograph, but 
when desirable, the ballistocardiogram may be inscribed in one of the six regular channels. 

The two principal factors concerned with the accuracy of the data recorded with the 
Brush equipment are incremental pressure (or voltage) and frequency linearity. Incremental 
pressure linearity refers to the property of the oscillographic indication being proportional 
to the input pressure changes, e.g., if the pressure is doubled, the pen deflection is doubled. 
This property depends upon the characteristics of the pickup, amplifier, and recorder. Static 
tests made on the over-all system indicated that linearity is achieved with a high percentage 
of accuracy. 

Frequency linearity is important so that pressure changes of a given magnitude will be 
identically reproduced regardless of their rate of occurrence or repetition. Tests made by 
Dr. J. P. Meehan, University of Southern California School of Medicine, have shown that 
the Statham pressure transmitter, directly connected to a number of 18 or 20 gauge needle, 


has essentially uniform response to over 100 cycles per second. When connected to a number 
oo 


gauge needle, the pickup has uniform response to approximately 150 cycles per second 
and is down about 10 per cent at 200 cycles per second. 
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Fig. 3.—A_ circuit diagram of the Brush six channel oscillograph with five channels used as 
indicated. 
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Fig. 4.—A typical record made with the Brush oscillograph showing the respiratory 
phase, pressure levels in the right ventricle, left ventricle, and femoral artery, and the electro- 
cardiogram simultaneously recorded. 
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Fig. 5.—A _ ballistocardiogram as recorded by the Brush oscillograph. 


The effect of the addition of a length of catheter tubing to the pickup is to reduce 
the upper limit of frequency linearity because of the presence of the additional mass of 
liquid in the system. We have found that with an average length of catheter tubing uniform 
response to approximately 30 cycles per second is obtained. A new instrument developed 
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recently by Gauer* will record accurately well beyond the range necessary to reproduce the 
normal central pulse. It is a miniature manometer which records from the intracardiae end 
of a cardiac catheter and permits more accurate, artifact-free recording of blood pressure 
variations during cardiac catheterization. 


SUMMARY 


A direct writing, six channel oscillograph is described. Equipped with 
strain gauges and electronic amplification, it can simultaneously record such 
physiologic data as arterial blood pressure, intracardiac pressure, respiration, 
the electrocardiogram, and the ballistocardiogram. 

The Brush direct writing oscillograph has certain distinct advantages. One 
may record simultaneously as many as six phenomena and the results are imme- 
diately available. The equipment is compact, portable, and economical to oper- 
ate. 


——— 


R *Ellis, E. J., Gauer, O., and Wood, IE. H.; Application of a Manometric Sound to the 
150 es of Intracardiac and Intravascular Pressures, Proc. Staff Meet., Mayo clinic 25: 49, 



















AN APPARATUS FOR PIPETTING RADIOACTIVE SOLUTIONS 
A. F. Grawam, Pu.D. 
TORONTO, CANADA 
peice 1 illustrates a device which has been found useful for the accurate 
and safe pipetting of tracer amounts of radioactive solutions in our studies 
on the uptake of radioactive phosphorus by influenza virus.” ? 





























Fig. 1.—Apparatus for pipetting radioactive solutions. 


The apparatus is constructed of 1 mm. bore capillary tubing with capillary 
stopeocks at positions A and B and is clamped securely to a piece of three-ply 
wood, 6 in. by 18 in., with several steel spring clips. Holes about 114 in. in 
diameter are drilled in the board to accommodate the stopeocks. The upturned 
end, E, is bent back about 40 degrees from the plane of the wooden support. A 
small tube, D, packed with cotton wool, is joined to the capillary with rubber 
tubing. The threaded end of a short length of 3/8 in. diameter steel rod is fixed 
at F with a bolt and washer on each side of the support; this permits the ap- 
paratus to be clamped in a vertical position to a burette stand. 

From the Connaught Medical Research Laboratories, University of Toronto, Ontario. 


Aided by a grant from the National Cancer Institute of Canada. 
Received for publication, March 20, 1950. 
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For use, a pipette is inserted into the short length of gum rubber tube at C 
until it makes contact with the end of the capillary tube. It is then clamped to 
the support with a single spring clip. With stopcock A opén, B closed, solu- 
tion is drawn into the pipette by applying suction through a rubber tube fastened 
to the open end of D either by mouth or with a hypodermic syringe. Stopcock A 
is then closed, and, with the index finger of the right hand closing off the open 
end at £, stopcock B is opened. The flow of liquid from the pipette is then con- 
trolled in the usual way by pressure of the finger at F. 

It has been found in practice that the accuracy and control over liquid flow 
are equivalent to those in normal pipetting technique. Since it is not essentially 
an apparatus for protection from radiation, this device should be used only for 
pipetting tracer amounts of radioactive solutions. 


REFERENCES 


1. Graham, A. F., and McClelland, L.: Uptake of Radioactive Phosphorus by Influenza 
Virus, Nature 163: 949, 1949. 

2. Graham, A. F., and McClelland, L.: The Uptake of Radioactive Phosphorus by Influenza 

Virus A (PR8 Strain), Canad. J. Research, Section E. In press. 


MODIFICATIONS OF SCHOLANDER’S APPARATUS FOR THE 
DETERMINATION OF CARBON DIOXIDE IN BLOOD PLASMA 


FREDERIC E. Houmes, M.S. 
CINCINNATI, OHIO 


HE ultimate in simplicity in both apparatus and procedure seems to have 

been reached in the pipette and method of Scholander.’ Its simplicity of 
construction and operation, small space requirement, portability, and absence 
of stopcocks are retained in the modified apparatus used in the present method 
for determination of carbon dioxide in plasma. 

A comparison of results obtained by the present method and by the Van 
Slyke method?” is shown in Fig. 4. The volumetric Van Slyke®* requires a 
correction of about 5 vol. per cent for dissolved gases. This factor was taken 
into account by Van Slyke and associates in the calculation of the tables for 
the use of the volumetric pipette?“ and in the construction of the nomogram 
for the manometric apparatus. It was not considered in calculation of data 
in Figs. 4 and 5. The difference of the mean in Fig. 4 from values found by 
the manometric Van Slyke (2.7 vol. per cent) may, therefore, represeut mostly 
dissolved gases. Whatever its basis, however, the mean appears to be stable 
and can be used for an empirical correction. When, after correction of the 
observed volumes for temperature, barometric pressure, and pressure of water 
vapor, 3 vol. per cent are subtracted, the average difference from the manometric 
Van Slyke values is negligible, and the deviation of individual determinations 
is, with very few exceptions, between minus 3 and plus 8 vol. per cent. 

In an alterantive method given here for emergency use only, the deviation 
from Van Slyke values is approximately equal to the corrections, as shown by 
comparative data in Fig. 5. 

APPARATUS 


Pipette* and leveling flaskt as shown in Figs. 1 and 2, connected by about 1.5 M. of 
heavy-walled amber rubber tubing or nitrometer tubing} (%% by 14 in.).§ 


From the Clinical Laboratory, Christ Hospital. 

Received for publication, March 27, 1950. 

*In the form of Scholander’s apparatus in which a narrow tube is used to increase the 
length of the graduated part for finer measurement of gas volume, difficulty is encountered in 
maneuvering the gas into the upper end as a single bubble. and in removing the bubble after 
analysis. This difficulty is avoided in the Van Slyke by venting through the upper stopcock, In 
the pipette used by the author at Bushnell General Hospital (Fig. 3), the by-pass serves the 
same purpose satisfactorily. The horizontal position of the graduated tube eliminates nearly 
all of the pressure due to aqueous solutions in balancing the mercury columns to atmospheric 
pressure. Manipulations are essentially the same as when the pipette shown in Fig. 1 is used. 

+The pipette shown in Fig. 1. was made by Scientific Glass Apparatus Company and was 
purchased through Harshaw Scientific Company, Cincinnati, Ohio. 

tHeavy-walled amber rubber tubing was obtained from Harshaw Scientific Company and 
nitrometer tubing from Arthur H. Thomas Company. 

§In assembling the apparatus, stopcock grease is applied between the glass stem of the 
pipette and the rubber tubing. The joint is secured by wrapping with iron wire or by a tubing 
clamp. 

It has been found convenient to coat the upper end of the rubber connecting tube with 
nail polish to a distance of about 80mm. below the glass stem of the pipette, and to wrap 4 
layer of adhesive tape over the nail polish. Puncture holes are clearly visible in the white 
tape, and the colored patches of nail polish over previous holes form ‘‘land marks’’ by which the 
latest hole can be instantly located. When the area available for punctures is exhausted, the 
old tape may be covered with a fresh coat of nail polish and a new layer of tape. The area 
for injection may be thus renewed up to at least five layers. The much-punctured end of_ the 
rubber tubing may then be cut off and the remaining intact connecting tube reattached to 
the pipette and covered in the same manner as before with repeated layers of tape and nail 
polish, One connecting tube may be used for a thousand or possibly several thousand deter- 
minations, without leakage, before it is discarded. 

Glass blowers often make an abrupt angle at the junction of the stem with the bulb 
of the pipette unless otherwise instructed. This junction should form a well-rounded, funnel- 
shaped opening on the inside, as shown in Fig. 1, to facilitate discharge of the gus bubble 
after analysis. 
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MODIFICATIONS OF SCHOLANDER’S APPARATUS 
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Fig. 2.—Positions of the apparatus during analysis. 1, During introduction of sample 
and reagent; 2, during extraction of gases; 3%, during reading of volume of gas; 4, during 
expulsion of spent sample and reagent; 5, position of flask for introduction of solution for 
Washing and degassing. 
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One tuberculin syringe (1 ml.) with No. 25 needle. 

One 2 ml. syringe with No. 25 needle. 

A 20 ml. syringe with a short piece of small rubber tubing (hemocytometer tubing) is 
convenient, but not indispensable, for removing rejected solution from the leveling flask. 
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Fig. 3.—The Bushnell type of pipette with by-pass for more precise measurement of gas volume. 














A wooden tray having inside dimensions of 144 by 5 by 22 in. is convenient for holding 
the apparatus. (The connecting tube is laid in « figure eight. ) 

A bottle of 125 to 250 ml. capacity, containing glass beads, with glass inlet and glass 
and rubber oulet tubes of not less than 6 mm, inside diameter, for a moisture trap. A 125 


ml. Erlenmeyer flask for equilibrating. 
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Fig. 4.—Comparison of the present method with that of Van Slyke. Correction made for 
barometric and water vapor pressures and temperature; empirical correction not included. 
Value for present method differs by amount above or below zero line from Van Slyke value 
for the same plasma at bottom of chart. 


The apparatus is flushed and degassed daily or before each six or eight determinations. 
It is desirable to inject 1 or 2 drops of caprylic alcohol near the flask with the tubing raised 
over a match box or similar block (1, B in Fig. 2). Ten per cent lactic acid is placed in 
the leveling flask to a depth of about 15 mm., and «a portion is delivered into the tubing by 
lifting the tube about midway between the flask and pipette with the flask in the position 
shown in 5 of Fig. 2. The acid is moved into the pipette by lifting the pipette as the tube 
is lowered. The pipette is then lifted and the flask lowered to their extreme positions so that 
the mercury is drawn well down below the pipette. The flask is lifted again until the mercury 
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half fills the bulb of the pipette. The cycle of lowering and raising the mercury is repeated 
six to eight times. The pipette is next lowered to a little below the level of the flask and is 
tilted slightly beyond the horizontal, closed end down, so that mercury flows smoothly into 
the graduated part and cleanly displaces gas and solution. The pipette is then tipped farther 
so that the bubble enters the rubber tubing. Finally the entire apparatus is brought into 
the position shown in 4 of Fig. 2. The escape of rejected solution can be seen between the 
mercury and the wall of: the flask above the connecting tube. 
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Fig. 5.—Comparison of the emergency method with that of Van Slyke. Corrections and 
method of plotting data same as in Fig. 4 


During washing and degassing, copious evolution of bubbles occurs. The presence of gas 
in solution must be considered before concluding that the tubing leaks. The amount of gas 
should be negligible after lowering and raising the mereury as specified six to eight times. 

The syringe used for plasma should be rinsed between determinations with water only. 
The apparatus can usually be operated for weeks without cleaning other than fiushing and 
degassing with 10 per cent lactic acid. One per cent sodium chloride solution may be used 
occasionally to remove proteins. Dilute acetic acid seems to be somewhat more effective than 
lactic acid, and requires no more than one rinse with lactic acid afterwards. Soap is an 
excellent cleanser, but must be followed by acid to remove carbonates, alcohol to remove 
fatty acids thus liberated, and many rinses with water to remove all traces of aleohol. In 
all cases, the last wash should be with 10 per cent lactic acid. 


REAGENTS 


Approximately ten per cent lactic acid (10 per cent by volume). A large bottle con- 
tains the reserve supply, about half filling the bottle, which is shaken vigorously several 
times to expell CO, before being put into use. A small bottle (60 or 125 ml.) containing 
reagent plus several drops of caprylic alcohol is kept on the tray. 

Caprylic alcohol in a small bottle. A blood-tvping serum bottle with rubber serum 
bottle cap is convenient. 

Nail polish in the original bottle, with 16 drops of castor oil added.* 


METHOD 


Equilibration of the Sample.—Equilibration of the sample of plasma to the partial pres 
sure of carbon dioxide of alveolar air is done in essentially the same manner as for the Van 
Slyke.2,° The wide tubing of the bead trap opposes less resistance to flow of alveolar air 
than does the stopcock of a separatory funnel. The rubber tubing on the outlet of the bead 


ee 


*The nail polish was Dura-G!oss, 12 cent size, made by Lorr Lab., Patterson, N. J. 
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trap is inserted to near the bottom of the flask. Just before the end of expiration, it is 
quickly withdrawn and the rubber stopper is instantly replaced in the flask. To insure proper 
CO, content of the air in the flask, air from the lungs is expelled twice through the trap, and 
then the plasma is equilibrated with two more subsequent portions of alveolar air. 

TAberation of Carbon Dioxide.—Equilibrated plasma is drawn into the tuberculin syringe, 
very slowly to prevent premature extraction of CO, The syringe is cleared of air and tiie 
sample is brought to exactly 1 ml. with the needle pointed upward and thrust through a gauze 
square to catch the excess. The sample is then injected into the rubber connecting tube just 
below the pipette (1, A in Fig. 2—the tubing is elevated over the edge of the tray). The 
puncture hole is immediately sealed with a drop of the nail polish. The sample is moved 
into the pipette by raising the pipette to the verticle position, lifting the connecting tube 
from the table only enough to ensure tiat all of the sample is brought into the verticle part 
of the rubber tube from which it flows into the pipette. It is important to bring the sample 
into the pipette before the injection of reagent into the tube. 

The small bottle of lactic acid is vigorously shaken to emulsify the caprylic alcohol. 
The required amount is drawn into the 2 ml. syringe, freed of air, reduced to 1.5 ml., and 
injected (promptly, to avoid separation of caprylic alcohol) a few millimeters below and 
toward the flask from the point of injection of the plasma. The puncture hole is sealed with 
The reagent is brought into the pipette in the same manner as was the sample. 


nail polish. 
It is raised and the 


The pipette is grasped by the stem to avoid warming the bulb. 
flask lowered to the position shown in 2 of Fig. 2, in which mercury is retained in the bulb 
to a depth of about 12 millimeters. It is convenient to extend the arm holding the flask 
fully, downward, so that the flask is kept at a fixed level, and to make the adjustment of 
mercury level with the hand holding the pipette. The mercury is rotated around the bottom 
of the bulb for at least one full minute. The mercury can be kept in motion by intermittent 
jerks to avoid fatigue and to throw a film of plasma onto the sides of the bulb. 

With the pipette at eye level, the flask is raised slowly to the position shown in 3 of Fig. 2. 
The mercury in the flask is held at a level two marks (depth of 0.2 ml.) above that in the 
pipette to balance the hydrostatic pressure of the aqueous column in the pipette. To obtain 
stable readings, the aqueous film is allowed to drain upward in the pipette. During this 
operation, about 1 vol. per cent of gas is reabsorbed, which is included in the empirical cor- 
rection in the calculations. The volume of gas is read and recorded. Temperature and 


barometric pressure are noted, 
Contents of the bulb are discharged in the same manner as after flushing and degassing. 


TABLE I. FACTORS FOR CALCULATION OF VOLUME PER CENT FROM OBSERVED VOLUME 











BAROMETER} OBSERVED AIR TEMPERATURE ADJACENT TO PIPETTE 2 
(mm.) [18° | 19° | 20° | 21° | 22° | 23° | 24° | 25° | 26° | 27° | 28° | 29° | 30° | 31° | 32° 
~ 732 489 88 88 87 «87 «=%86 86 85 85 84 84 83 83 82 82 

















734 — 88 — 8% —- 8% —- 8 — 8 — 84 83 82 
736 — 8s — 88 87 — 8 — 8 — 84 — 83 — 8 
738 89 — 88 — 88 — 87 8 — 8 — 8 — — 
740 90 — 89 88 — 87 — 86 — 8 —- 84 — _ 83 











742 — 89 - 88 — 87 — 5 — 5 — 8&4 
744 — 9 — — 88 — 87 — 86 — 8 — 84 — _ 883 
746 —- — 8 — 89 — 8 — 87 — 86 — 8 — 84 
748 9 — 9 — — 8&8 — 87 — 86 — 8 — _ 84 

750 91 90 89 — 88 — 87 — 8 — 8 — 








752 — 91 — 90 89 — 8s — 87 — 86 — 85 — 84 
754 91 — 90 20) ge) ee, SBR =. ey =. 86 85 
756 9 9191-—- — — — 8g8g8 — 8F — «8s — 8 — 
758 — 9 — 90 — 89 — 89 88 88 — 87 — 86 8 


“ 


87 86 86 86 


760 92 92 91 91 90 90 89 89 89 88 


—, Same value as next number in the same vertical column. 
The factors given in the table are the basic correction factors multiplied by 100 in order 
to yield results as ‘“‘volume per cent’’ when used in the formula given under Calculation. 





*Injection through a mercury seal similar to that formerly used by Van Slyke ** was 
found to give the same results as sealing with nail polish. 
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Calculation.— (Factor x observed volume) - 3 = Volumes per cent. 

Example: Reading, 0.66 ml. Temperature, 26°C. Barometer, 744 mm. 
(86 x 0.66) - 3 = 54 vol. per cent. 

The factors are presented in Table I. The usual correction of the volume of a gas to 

standard conditions was included in calculations for the table: Barometer x 
273  —_.- 

273 + observed temperature. Since the partial pressure of water vapor is independent of the 
volume (except for possible small time lag in coming to equilibrium), the water vapor will 
constitute a part of the gas bubble proportional to its partial pressure. This proportional part 
can be introduced into the factor with little if any error. The effect of lactic acid and other 
solutes is very small and was ignored. The value of the ratio, partial pressure of water vapor 
at the designated temperature divided by 760 mm., was subtracted from the correction for 
temperature and barometic pressure. Only the nearest two digits were entered into the table. 


EMERGENCY METHOD, WITH INJECTION NEAR LEVELING FLASK 


The connecting tube is elevated over a test tube rack, or other object of equal height, 
as near as possible to the flask. The sample is injected near the top of the raised loop of 
tubing. Without sealing of the puncture hole, the tubing is then raised on the side of the 
loop toward the pipette and lowered on that toward the flask in a progressive manner until 
the sample has been maneuvered into the pipette. In a similar manner, the reagent is 
injected at a point a few centimeters below that at which the sample was injected and is 
maneuvered into the pipette. Other operations in this method are the same as in the previous 
description. At altitudes below 1,500 feet, the direct reading of the volume of gas in the 
pipette, without correction, may be taken as an approximation of the true value. 


SUMMARY 


A modification of the Scholander apparatus is described for accurate meas- 
urement of carbon dioxide in blood plasma. The average difference from re- 
sults obtained in the Van Slyke manometric method was negligible for ordinary 
clinical purposes. 

An alternative approximate method is presented for emergency analyses. 
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A CYLINDER-PLATE ASSAY FOR CHLOROMYCETIN IN BODY 
FLUIDS AND TISSUE EXTRACTS 


Dorotuy G. Smitu, PuH.D., CLarre B. LANDERS, M.S., AND 
JOSEPH ForaGacs, PH.D. 
I’ REDERICK, Mp. 


WITH THE TECHNICAL ASSISTANCE OF KENNETH C. SNypDER, HM, 


HE introduction of Chloromycetin' as a chemotherapeutic agent? presented 

a need for a means of determining the tissue distribution of this antibiotic in 
experimental animals. Glazko and co-workers,’ in their study of the matter, 
used chemical determinations of nitro compounds or aryl amines which are com- 
ponents or degradation products of Chloromycetin and concluded that the drug 
was rapidly absorbed, metabolized, and excreted following its administration 
to the human being, dog, rat, and guinea pig. Their conclusions, however, were 
hased on the recovery of total Chloromycetin administered and not on active 
drug, since their methods do not distinguish between active Chloromycetin and 
its components or degradation products. In addition, data obtained by chemical 
analyses must be corrected to allow for interfering substances in normal tissues. 
Using turbidimetric procedures, Gruhzit and associates* and Glazko and co-work- 
ers’ determined the concentrations of Chloromycetin only in the serum and urine 
of various experimental animals but not in the other tissues. The levels of drug 
obtained by these methods were lower than those found chemically, because the 
results of the microbiologic assays represented active Chloromycetin. The avail- 
able turbidimetric methods, however, are impractical for routine assay of various 
animal tissues particularly because of the required aseptic conditions. Agar 
diffusion methods® © 7 which have been developed are unsatisfactory for in vivo 
experiments in that they are not sensitive to concentrations of drug below 20 
gamma per milliliter. Furthermore, the culture used in the Randall assay’ 
is inhibited by normal tissue extracts. A practical method for assaying Chloro- 
mycetin is, therefore, needed for the determination of the active antibiotic in 
tissues. This paper describes a cylinder-plate assay which is suitable for this 
purpose since it is sensitive to 2 gamma of active Chloromycetin and overcomes 
the other difficulties encountered in the assays already mentioned. 


MATERIALS AND METHODS 


Preparation of Seeded Plates.—For the preparation of assay plates, 200 ml. of Bacto 
Brewer Thioglycollate medium plus 1.5 per cent agar (pH 7.2 +) were melted and maintained 
at 50° C. in a water bath until required. Immediately before using, the agar was seeded with 
a standard spore suspension of a selected strain of Bacillus subtilis’ to give a concentration 
of approximately 400,000 spores per milliliter of agar. Five milliliter portions of the inocu- 
lated agar were transferred to pressed flat-bottomed Petri plates (17 by 100 mm.) using 4 
30 ml. syringe equipped with an automatic double valve and hose attachment to facilitate 
pouring. Plates were allowed to cool and harden at room temperature on a level surface to 
insure uniform distribution. Upon solidification of the agar, porcelain or steel Penicylinders, 
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which were warmed to 50° C. to assure complete sealing of the cylinders on the surface 
of the agar, were placed on the plates, three to five being used per plate. The plates were 
then refrigerated until needed. 

Preparation of Standard Curves.—A stock solution containing 100 gamma of Chloro- 
mycetin per milliliter was made by dissolving 10 mg. of the crystalline antibiotic in 100 ml. 
of distilled water. Further dilutions of the antibiotic were then made in distilled water, 
serum, urine, or tissue extracts to produce concentrations of 20, 15, 10, 5, and 2 gamma 
of drug per milliliter. 

For preparing serum standards, undiluted sera of man, dog, mouse, and guinea pig were 
used. Whole blood could not be employed, because of the interference with diffusion of the 
antibiotic caused by the settling of the red cells in the blood at the base of the cylinder. 

Urine was used, either undiluted or diluted 1:10 or 1:100, with distilled water with 
no apparent difference being found in the results of the assay. 

Standards of various tissues of guinea pigs, such as kidney, liver, spleen, mesenteric 
lymph node, testes, and brain, were prepared as follows: each tissue was weighed, added to 
distilled water in a concentration of 250 to 500 mg. of tissue per milliliter of water, macerated 
in a Ten Broeck tissue grinder, and the suspension adjusted to pH 5.0 (+ 0.5) with HCl. 
Dilutions of the stock solution of Chloromycetin were then made in the suspension to con- 
tain 20, 15, 10, 5, and 2 gamma of drug per milliliter. These drug-tissue suspensions were 
centrifuged, and the resulting, clear, supernatant fluids assayed. Acidification of the tissue 
extracts to pH 5.0 (+ 0.5) was necessary to cause precipitation of some substance or sub- 
stances which were found to interfere with the formation of clear, well-defined zones of in- 
hibition in the assay. 

To avoid having to adjust the pH of each individual sample to be assayed, the amount 
of HCl required to reduce the pH of each tissue was computed. The acid requirement was 
found to be directly proportional to the weight of tissue per milliliter of suspending fluid 
and to be approximately the same for all tissues studied. Therefore, suspending fluid could 
be prepared beforehand to contain the necessary amount of acid and used as required. 

When the standard solutions were ready for assay, they were added to the Penicylinders 
on five replicate plates, about 0.2 to 0.25 ml. of fluid being required to fill each cylinder. 
The plates were then incubated immediately or refrigerated two to three hours prior to 
incubation at 30° C. for sixteen or eighteen hours. In the case of water and urine solutions, 
the interval of refrigeration was not necessary; however, it was essential for the formation 
of clear, well-defined zones of inhibition in the assay of serum and tissue extracts. Following 
incubation, the zones of inhibition were read in terms of millimeters of the diameter of 
zonation. When the concentrations of Chloromycetin in the known solutions were plotted 
as abscissas (logarithmic scale) against the millimeters of zonation as ordinates (arithmetic 
scale) using semilogarithmic paper, the readings fell on a straight line. The values obtained 
in a typical assay are shown in Table I, and the standard curve obtained therefrom in Fig. 1. 
Standard curves prepared in the described manner for water, serum, urine, and each of the 
tissues studied were all found to have the same slope. The standard curves for urine and 
water were identical, as were those for the sera of various animals. In work with the other 
tissues, standard curves must be made, not only for each different type of tissue, but also for 


TABLE I. DIAMETERS OF ZONES OF INHIIBTION PRODUCED BY A CHLOROMYCETIN STANDARD 
WITH WATER AS THE DILUENT 


| ~sdéDIAMETERS (ML) 
PLATE NUMBER 














_ GAMMA PER ML, | i | 2 | o | 4 | 5 | AVERAGE 
20) 248 24.0 24.5 24.0 24.5 24.36 
15 22.9 22.8 22.8 21.8 22.0 22.46 
10 19.9 20.2 20.0 20.8 20.0 20.18 
5 14.9 14.9 15.9 15.0 16.0 15.3 


2 8.5 9.0 8.0 9.0 9.0 8.70 
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each different amount of tissue per volume of suspending fluid; for example, smaller zones 
were obtained for known concentrations of Chloromycetin in liver suspensions containing 500 
mg. of tissue per milliliter of suspending fluid than with 250 mg. per milliliter. 

Using this method of assay, freshly prepared aqueous solutions of Chloromycetin con- 
taining 30, 25, 20, 15, 10, 5, 2, and 1 gamma per milliliter were tested. The results of a 
series of experiments showed that the limitations of the assay fall in the range of 2 to 20 
gamma per milliliter. Essentially the same sized zones of inhibition were obtained with any 


"STANDARD CURVE FOR CHLOROMYCE TIN IN WATER 





PER Mm 


Pig. 1. 


concentration of Chloromycetin above 20 gamma per milliliter as with 20 gamma. No con 
sistent readings were obtained with less than 2 gamma per milliter. In the assay of un 
known samples which were thought to contain more than 20 gamma of drug per milliliter, 
the solutions were diluted with water to bring the concentrations of the antibiotic into the 
range of the assay. The amount of Chloromycetin in the unknown material was read from 
the proper standard curve using the diameter of the zone of inhibition. Corrections were 
then made for dilution. Within the 2 to 20 gamma range, the results were consistently 
reproducible. 

Since it was necessary to reduce the pH of tissue extracts in order to obtain a satis- 
factory assay, it seemed advisable to determine the effect of the pH of the assay solutions 
and of the medium on the potency of Chloromycetin. If the pH of the solution to be as 
sayed fell within a range of 4.5 to 9.0, there was no loss in potency as measured by this 
assay. However, it is essential that the pH of the medium be close to neutrality. 
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When solutions containing 2 to 20 gamma of Chloromycetin per milliliter of water, 
serum, or urine were stored at 4° C., the drug was found to be stable for at least ninety- 
seven days in water and fourteen days in serum and urine. This is advantageous in that 
samples do not have to be assayed immediately. 

This assay has been found satisfactory for the determination of Chloromycetin in the 


tissues of animals receiving parenteral and oral doses of the drug. 


SUMMARY AND CONCLUSIONS 


A cylinder-plate assay for Chloromyeetin, which utilizes Bacto Brewer 
Thioglycollate agar seeded with the test organism, Bacillus subtilis, and which 
apparently meets the requirements for experimental studies, has been described. 
Its range of sensitivity is 2 to 20 gamma of Chloromycetin per milliliter. The 
drug has been found to be stable at 4° C. for from fourteen days to over three 
months in water, serum, and urine. This assay has been applied satisfactorily in 
in vivo experiments. 


The authors wish to thank Dr. Fred D. Stimpert of Parke, Davis & Co., Detroit, Mich., 
for the generous supply of Chloromycetin. 
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A DIRECT-WRITING PNEUMOTACHOGRAPH 


LESLIE SILVERMAN, Sc.D.* 
Boston, MAss. 






HE low resistance pneumotachograph,'’ * developed in this laboratory, has 

proved a useful instrument for physiologic research, the design and testing 
of respiratory appliances, and the diagnosis and evaluation of pulmonary dis- 
eases.” 4° Photographic recording has been used because of the desirability of 
obtaining freedom from lag and inertia. 

There has been a need for a direct-writing instrument so that immediate 
observations could be made of respiratory function. This would make the 
pheumotachograph comparable, in clinical studies, to direct-writing electrocar- 
diographs. 

Recent equipment constructed for this purpose in our laboratory includes 
a direct-writing instrument utilizing photoelectric tubes and a bridge circuit. 
We have also attempted to apply the spring transducer of the United States 
Bureau of Standards’ to this application. The output from either of these 
units is fed into a Sanborn Viso-cardiette, a direct-writing recorder (D.C. am- 
plifier) using a heated stylus and plastic coated paper. To date, the photoelec- 
tric model has appeared to be the more successful but presents the difficulty of 
a complicated circuit requiring several electronic tubes with attendant drift 
and stability problems. We have, therefore, tried to develop a simpler and 
more stable apparatus. 

The recently introduced RCA No. 5734 tube, an electromechano transducer 
vacuum tube with a movable plate, appeared to be a practical solution to this 
problem. The purpose of this note is to describe a method of applying this 
tube to direct-writing pneumotachography. 

The characteristics of the No. 5734 tube, which make it desirable for use 
in this application, are the following : 

Linear rotational displacement of the plate yields uniform changes in out- 
put voltage. By mechanically connecting the plate to the pneumotachograph 
pneumatically displaced bellows, its movement can be translated into electrical 
output. The tube appears to be a stable detector with a frequency response of 
12,000 cycles per second, well above the range needed for pneumotachography 
and many other biologic applications. The tube size is compact (over-all length 
0.88 in., diameter 0.33 in.), which minimizes space requirements in various 
applications. 

MATERIALS 
Applications of the transducer tube in the types of pneumotachographs developed in 
this laboratory are shown in Fig. 1. In Fig. 1, A, the tube is shown applied to a simple 


clinical recording model, that is, an exposed single chamber bellows which ordinarily oper- 
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The linkage arm leading to the mirror 
Fig. 


ates a rotating mirror mounted on a pivoted shaft. 
is provided with a connecting rod which rotates the plate axis of the No. 5734 tube. 
1, B shows the tube applied to a differential pneumotachograph unit, one in which the differ- 
ence in pressure across the screen is measured, neither side being at atmospheric pressure 
The sensitivity of the tube is well above that required for accurate breathing pattern record- 
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APPLICATION 


Fig. 1.—Construction of two direct-writing pneumotachograph units. i ; 
recording unit designed to measure pressure and velocity changes relative to atmospheric air 
Pressure. B, Differential recording unit for measuring flow under various pressure conditions. 


A, Simple clinical 
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ing. We have used the Sanborn Poly-Viso Recorder, a direct-writing unit. This device 
contains a three-stage D.C. amplifier and it is not necessary to add further amplification to 
the No. 5734 tube circuit before the D.C. input of the recorder. 

The plate and filament supply circuit used in this application is shown in Fig. 2. This 
is a simple battery-operated circuit and operates at a fairly low plate voltage. Under these 
conditions the plate output is 8 volts per 0.5 degree rotation. Increased sensitivity can he 

































































en ree ee ee aaneiumaese mes) A 
lb e— He He ea arr eo 
Pee ea ene ci ee ee ee om _ ‘paises’ | 
| 
| ne | 
| > 
0.1 MEG OHM 3 : $0! MEG OHM 
| 5 2 
i { | 
i} “i Se 4 
| —_ ——| RCA 5734 L . 
oe — mwr—r 1 ROA 5734 
= A "| OPERATING TUBE A | | 
| —=—,20 6 vous -Toummy | 
—— Vrs = Tuse | 
= —S"spst . 
| | 
: er 5000 OHMS | 
| 
! ! 
| 
! | 
| | 


SHIELD 


Fig. 2.—Plate and filament supply circuit and bridge for RCA No. 5734 tube output used 
in conjunction with Sanborn Poly-Viso Recorder. Dummy tube push-pull circuit eliminates 
drift. Increased output may be obtained by mechanically deflecting both tubes. 


obtained by increasing the plate voltage to 250 instead of 90 volts and, if desired, a well- 
filtered power supply can be used. Batteries were used in this instance for the sake of sim- 
plicity and portability and to eliminate A.C, interference in recording. Drift of the recorder 
can be eliminated almost completely by correctly balancing (zeroing) the No. 5734 tube 
output. This can be accomplished, after the tube filament has heated and the recorder stylus 
is centered, by moving the plate current switch from on to off position several times. The 
vernier is then adjusted until the stylus does not move when the plate current is restored. 

The response of the unit depends considerably upon the mechanical linkage and phos- 
phor bronze bellows thickness. The maximum permissible rotation of the No. 5734 tube plate 
is + 0.5 degree, and in designing the linkage this deflection should not be exceeded by the 
maximum bellows displacement. In the case of the two pneumotachographs already con- 
structed, this precaution has been observed and can be easily maintained in the design by 
locating the rotating plate axis at the proper distance from the bellows movement. In the 
device shown in Fig. 1, A a wafer bellows* with a wall thickness of approximately 0.004 
in. and 2 in. in diameter is used, whereas in the device shown in Fig. 1, B a thinner bellows 
0.0015 in, thick and of similar diameter is used. The linkage arm lengths and distances are 
calculated to stay within the tube rotational limits. 


*Obtained from surplus aircraft rate-of-climb indicators. Also obtainable from the Phila- 
delphia Division, Pioneer Instrument Company, Bendix Aviation Corporation. 
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Calibration of the instrument is shown in Fig. 3. The output voltage is nearly linear 
with increasing air flow on suction and also on blowing. A slight difference is shown in the 
manufacturer’s data of plate deflection versus output voltage which depends on whether de- 
flection is positive or negative. We have also found this difference but it is not considered 
significant in operation and calibration of pneumotachographs since it is well within 5 per 
cent. If greater accuracy is desired, however, calibrations for suction and blowing can be 
made. 
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Fig. 3.—Air flow calibration curve for 1 sq. in. pneumotachograph mask screen. Air at 70° F. 
and 30 in. of Hg. Recorder attenuation 4 maximum sensitivity. 



















A typical pneumotachograph obtained on direct-writing Permapaper (Sanborn) is shown 
in Fig. 4. This pneumotachogram indicates adequate response. Since the tube frequency re- 
sponse is well above that of the phosphor bronze bellows (30 per second) and the Sanborn 
Recorder frequency is approximately 80 cycles per second, the tracings reproduce faithfully 
all of the variations of normal breathing. Other types of recorders could be used with the 
tube output provided they have adequate D.C. amplification. Studies are now in progress 
to apply the same tube to electromanometers and for recording other biologic phenomena. 









































Fig. 4.—Typical pneumotachogram obtained with model shown in Fig. 1,A using 1 sq. in. mask 
screen, 


SUMMARY 








This article describes a direct-writing pneumotachograph which can be 
applied to recording visible pneumotachograms on a continuous recording elee- 
tronic unit. The output of the pneumotachograph could also be fed into other 
types of rapid response ink writers or recorders. The unit makes use of the 
electromechano transducer, the RCA No. 5734 tube, and gives satisfactory fre- 
quency response and linear displacement with air flow as required for pneumo- 


tachography. Other applications for biologic work are under investigation. 
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The writer wishes to acknowledge the technical assistance of Mr. Melvin J. Saplansky 
of this laboratory in construction and testing the units. The circuit for use in the Sanborn 
unit was suggested by Dr. Arthur Miller of the Sanborn Company, Cambridge, Mass. 


REFERENCES 


. Silverman, L.: Respiratory Air Flow Characteristics and Their Relation to Certain Lung 
Conditions Occurring in Industry, J. Indust. Hy. & Toxicol. 28: 229, 1946. 

. Silverman, L., and Whittenberger, J. L.: The Clinical Pneumotachograph; chapter: 
Methods in Medical Research, vol. 2, Chicago, 1950, The Yearbook Publishers, Inc. 

3. Rao, M. N., and Silverman, L.: Respiratory Patterns in Pulmonary Tuberculosis, Am. 
Rev. Tuberc. 54: 574, 1946. 

. Kaye, R., Whittenberger, J. L., and Silverman, L.: Respiratory Air Flow Patterns in 
Children, Am. J. Dis. Child. 77: 625, 1949. 

. Silverman, L.: Anesthesia Studies With the Pneumotachograph, J. Am. A. Nurse Anes- 
thetists 17: 35, 1949. 

}. Cahan, Alvin: Personal communication, Boston, Mass., 1949. 

7. Variable-Resistance Spring Transducer Circular. National Bureau of Standards, United 
States Department of Commerce, Washington, D. C., Sept. 1, 1948. 















EFFECT OF PROLONGED STORAGE AT 4 TO 5° C. ON THE 
NEUTRALIZING ANTIBODY OF ANTISERUM AGAINST 
POLIOMYELITIS VIRUS 


Peter K. Ourrsky, M.D., aNp Lesiiz C. Murpuy, D.V.M.* 
New York, N. Y. 


HE question is now and again asked how long antisera against neurotropic 

viruses can be stored, unfrozen, in a refrigerator at 4 to 5° C. and still retain 
an appreciable amount of neutralizing antibody. It may be inferred that the 
result can depend on the particular type of antiserum in question. For example, 
Morgan’ reported that serum against Western equine encephalitis virus, stored 
at 4° C. for four days to six weeks, exhibited within this time a reduction in 
neutralizing titer to a degree varying with each sample, not exceeding, however, 
2.7 log units. Whether this is a general property of other antisera is problematic. 

An opportunity for a study on the effect of prolonged storage on poliomye- 
litis antiserum was provided when several old, stored samples—one stored for 
over twenty years—were found to be available (Tables I and IL). When first 
prepared, one of these (horse serum, Table II) had had its titer of antibody con- 
tent determined quantitatively but the remaining specimens only qualitatively, 
Le, by the customary procedures formerly practiced (footnotet, Table IT). 
Despite this deficiency in the exact original antibody titer of most of the samples, 
it was believed that their study was worth the effort since knowledge was desired 
whether any antibody whatever could resist the effects of so many years of 
storage. 

Brodie® investigated the bearing of storage in ordinary refrigerators (2 to 
5° C.) on the neutralizing potency of poliomyelitis antisera and reported that 
three human convalescent sera retained a degree of neutralizing power after 
four years’ storage, the level of which could not be determined precisely 
(Schaeffer and Muckenfuss*). Burnet and Macnamara’ found that human con- 
valescent serum still showed a definite but unmeasured amount of neutralizing 
antibody after storage in an icebox for three years, and others reported similar 
results for shorter periods of time with human convalescent sera as well as 
with that obtained from lower animals immunized with virus. 

The experimental procedures and the materials used are described in the 
tables. No more elaborate description is needed except to state that the sera, 
free from contamination by ordinary bacteria, were stored either in hard or 
soft glass containers and plugged tightly with rubber or cork stoppers; the ice- 
box was a brine-cooled compartment-box model. In the tests, sera were inacti- 


vated at 56° C. for thirty minutes, and Rockefeller Institute strain of mice 
was used. 


From the Laboratories of the Rockefeller Institute for Medical Research. 
Received for publication, April 27, 1950. 
*Major, Veterinary Corps, United States Army. 
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TABLE I. 


AND MURPHY 


Errecr or Icepox (4-5° C.) SroraGe ON POLIOMYELITIS NEUTRALIZING ANTISERA 








STORED 


ANTISERA DESCRIPTION 





(YR.) 


Horse,* 
immunized 


Prolonged immun. 15.5 


with monkey cord 


| 


EXP. 
DATE 


SERA 
UNDIL. + 
MEF 1 
VIRUS DIL., 
LDso TITER 


REMARKS 





127 1/49" 


<10-0.5} 


Dilutions of 
sera tested, 


Aycock strain Table II 


Human From over 40 Dilutions of 
convales. paralytics sera tested, 
pool Table II 


Monkey A 12/ 1/49 
convales, 


12/ 1/49 


Dilutions of 
sera tested, 


Table II 


Twice paral. 
M.V. strain 
Phila. strain 

Virus = 
control 
LDy 


Monkey 
convales, 
pool 


Monkey B 


convales, 


12/ 1/49 





M.V. strain 
4 monkeys 


9/16/49 


M.V. strain Dilutions of 
sera tested, 


Table II 


9/16/49 


Monkey 
convales, 
pool 


M.V. strain 20.2 
6 monkeys 


9/16/49 


Virus 
control 
L | Ds0 


9/16/49 10-3.: 























*Available through the generosity of Dr. E. W. Schultz, Stanford University; the serum 
was received early in 1936. For a description see references 2 and 38. 

{Neutralization test: undiluted serum plus dilutions of virus, equal parts; mixed and 
without incubation injected intracerebrally in mice; LDso0 calculated by Reed and Muench 
formula.‘ 


RESULTS 


It will be noted from a study of Table I that six undiluted sera from a 
horse immunized against poliomyelitis virus and from human beings and 
monkeys convalescent from infection with the virus all showed neutralization 
of serial dilutions of the MEF'1 strain. Repetition of the test using the Lansing 
strain gave similiar results. These specimens were tested after storage in an 
icebox maintained at 4 to 5° C. for periods lasting from more than eleven to 
more than twenty years. From Table II it will be observed that four of the 
six sera mentioned in Table I were tested in graded dilutions against a con- 
stant amount, 6, 32, and 63 LD., of MEF 1 virus. To this series of four, an- 
other specimen of serum was added, obtained from an apparently normal adult 
person, having no recollection of recognizable poliomyelitis, who, like a large 
percentage of normal-appearing adults, harbored poliomyelitis antibody. All 
five were found to contain a certain degree of antibody even in high dilution. 

Normal sera, of similar species as used in the tests, even after thirty-one 
years of storage at 4 or 5° C. did not thereby acquire a virus-neutralizing 


property; thus three normal sera, one derived from a horse (pH 8, kept for 
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TaBLE II. DILUTIONS Or ANTISERA TESTED FOR NEUTRALIZATION OF 16, 32, AND 63 
LD, MEF1 PoLIoMYELITIS VIRUS 








SERA DILS, + 
VIRUS ICER. IN 
MICE—NUMBER 


ANTISERA 


ORIGINAL 
NEUT. 
TITER 


EXP. 
DATE 


FINAL 
DILS. OF 
ANTISERA 


DEAD OVER 


NUMBER 
INJECTED 


REMARKS 





Horse, im- 
munized 


Monkey B. 


convales. 


Virus 
control 
LD» 


1:1,000 to 
1:2,500 
neut.* 


Undil. 
serum 
neut.t 


3/1/50 


3/1/50 


3/1/50 


a | 

=t0 
:500 
:1,000 
map 

:10 
7500 
21,000 





Human, 
without 
clinical 
disease 


Virus 
control 
LD,» 


3/6/50 


3/6/50 


0/7 





Human 
convales. 
pool, 


Monkey A. 


convales, 


Virus 
control 
LD» 


Undil. 
serum 
neut.t 


Undil. 
serum 
neut.t 








1/4/50 


1/4/50 


1/4/50 





+] 

:10 
:500 
:1,000 
21 

:10 
2500 
21,000 








1/6t 
0/7 
ost 
3/7 
0/7 
0/7 
3/7 
6/7 
10-3.8 


Unknown cause of death 
of mouse in top line, 
1/6 


10-2-used = 63 LD, = 
100% lethal rate (all 
of 17 mice injected 
died ) 





0/7 
4/7 
4/7 


Stored 7.5 years at 4-5° 
O.,.pE = 80 


10-2: used ‘=: $2 LD, = 
100% lethal rate (all 
of 20 mice injected 


died) 








| jected died) 


LO-2° used? = ca: 16 LD, 
= 100% lethal rate 
(all of 21 mice in- 


*Dilutions stated neutralized twenty to fifty infective doses Aycock virus, tests described 


in reference 2. 


injected intracerebrally into rhesus monkeys. 


tIn this and other two sera, 
of active cord) equal parts, held two hours at 37° 


ization of virus by intracerebral test in rhesus monkeys. 
tNeutralization test performed as stated in Table I. 


Test: virus plus serum equal parts, usually held for two hours at 37° C., then 


undiluted serum plus virus (5 per cent suspension, or filtrate, 
° Cc. and overnight at 4° C. showed neutral- 


thirty-one years), another from a human being (pH 7.7, kept for eleven years), 
and the third from a monkey (pH 8, kept for 10.3 years) all showed in dilutions 


MEF 1 virus. 

The results here reported are significant since the amount of virus used 
as test dose by itself was 100 per cent lethal ; the dose was fatal to all of ninety- 
six control mice receiving it during the course of the present study. 


of 1:1 or higher no neutralization whatever of 10 or less LD 


50 


It has been reported that there is a certain reduction in titer of antisera 
during an early period of icebox storage’ * 7; one can postulate that a stage 
is reached beyond which no further loss of neutralizing capacity occurs, leav- 
ing a residuum of undiminishing neutralizing substance. The question arises 
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whether that antibody resistant for many years to the effects of storage is 
qualitatively different from the antibody which disappears. In the case of 
meningocoecic antiserum it was found® that on storage at 4° C. its nonspecific 
agglutinins (those common to several types, or secondary agglutinins) are 
first to disappear from the serum and that the specific agglutinins for homol- 
ogous strains are stable. The problem, therefore, for solution is whether 
neutralizing antibody, here against the poliomyelitis virus, which is stable after 
storage at 4 to 5° C. for many years, is qualitatively identical with the antibody 
present in heat-inactivated serum obtained from freshly drawn blood. 


SUMMARY 


Seven samples of old, stored antisera against poliomyelitis virus were in- 
vestigated by means of the mouse intracerebral test for their content of anti- 
body neutralizing Lansing and MEF1 strains of the virus. The sera were 
obtained from a horse immunized with monkey-C.N.S. virus as antigen, from 
rhesus monkeys convalescent after experimental paralytic poliomyelitis in- 
duced by strains other than that used in the horse, from a large number, in a 
pool, of human beings convalescent from the paralytic disease, and from an 
apparently normal adult who harbored antibody against the MEF 1 virus. 
The sera were kept in an icebox at 4 to 5° C., unfrozen, for periods of time 

b ? 

lasting more than seven to more than twenty years. At the end of these periods 

six of the seven, undiluted, were tested for neutralization of graded dilutions 

of virus, and most of these including a seventh serum, in different dilutions, 

against a constant amount of virus. An appreciable amount of antibody was 

found in all. The prolonged cold storage, in one instance for thirty-one years, 

did not confer on the normal sera here studied a capacity for nonspecific neu- 

tralization. 
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IMPROVED 
HESS 
BLOOD 
VISCOSIMETER 








The Hellige Viscometer is the first 
American-made instrument ee 


improvements in the original Hess 
Blood Viscosimeter. Completely rede- 
signed to provide greater simplicity and 
ease of operation, the Hellige Viscom- 
eter assures viscosity determinations 
of greater accuracy than were obtain- 
able with the Hess model. 


One of the new features is the vis- 
cometer tube, consisting of collecting, 
flow, and measuring portions sealed to- 
gether in one complete unit, which can 
be handled as an ordinary pipette. 


The accuracy of Hellige Viscometers 
is increased by addition of a special 
leveling device which eliminates the 
zero drift responsible for most of the 
erroneous determinations obtained 
with Hess Viscosimeters. 


COMPLETE $45.00 
WRITE FOR CATALOG No. 1200 


HELLIGE 


INCORPORATED 


BLVD. 





July, 1950 
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> A Life Span of Protection 


Public interest in the so-called wonder drugs, such as penicillin and aureomycin, 
has almost obscured the consciousness that each of us carries within himself another 
miracle-working therapeutic agent. 


That therapeutic agent is blood. 


Whole human blood or its components can save life or restore health throughout 
the span of human life. The newborn infant of parents with incompatible Rh blood 
factors may be saved by replacing his damaged blood with a new supply. The aged 
and the aging are often recipients of blood’s healing benefits. 


Transfusion of whole blood is becoming routine procedure in major surgery, 
especially in chest, brain or cancer operations. Childbirth hemorrhage, some anemias, 
and leukemia are treated by blood transfusion. Thousands of burns and accident 
victims are saved each year through the use of blood and blood derivatives. 


Infants and children are spared serious complications and lifetime handicaps by 
the administration of immune serum globulin. This globulin is made from the blood 
of adults who have had measles and have recovered. 





Another blood component, serum albumin, is valuable in the treatment of shock 
and of certain liver and kidney diseases. 


In extensive burns, whole blood and blood plasma are a major factor in lifesaving. 
Other blood derivatives are used in skin grafting and brain surgery. 


Additional blood fractions await development. Scientists today think that their \ 
present knowledge has barely scratched the surface of blood’s usefulness. 





The problem now becomes one of an adequate supply of blood to meet the needs a 
of medical practice. Only about 20% of the country’s hospitals have adequate blood 
facilities. Hunting for donors in case of need is time consuming and in case of 
emergency may mean the loss of life. Safety lies only in a stable blood supply. 


In January 1948, the American Red Cross inaugurated the National Blood Pro- 
gram. Already there are 30 component or regional programs in operation. Through 
them, blood has been made available to the medical profession for distribution to 
1,500 hospitals, located in 35 states. Approximately 40,000,000 people live in the areas 
served by these hospitals. The blood, contributed by voluntary donors, is supplied 
to the physicians without charge for the product. All of the medical procedures of 
the program are under the direct supervision of physicians, selected by the medical 
societies in the areas served. 


Already approximately 500,000 pints of whole blood have been supplied. Exten- 
sion of this program is going forward steadily. Its usefulness will be limited only 
by the number of people who are willing to donate their blood to help those less 
fortunate than themselves. 





The American Red Cross 
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REAGENTS FOR 


DETERMINING 
PROTHROMBIN TIME 


THROMBOPLASTIN 
(Dehydrated Rabbit Brain) 
6 ampuls (0.15 gram each)--------------- $4.50 


THROMBOPLASTIN EXTRACT 


Desiccated 


1 c.c. ampul 





6 ampuls (0.5 c.c. each) 
10 individual test ampuls 


SODIUM OXALATE SOLUTION 
(0.1 Molar) 


ince $0.75 





CALCIUM CHLORIDE SOLUTION 
(0.02 Molar) 





NORMAL PLASMA 
For Determining Accuracy of 
Prothrombin Time Reagents 
Desiccated 


lt ¢.c. 
6 ampuls (0.5 c.c. each) 


a eee $1.00 
= 4.00 





PROTHROMBIN-FREE PLASMA 
For Diluting Normal Plasma 
to Obtain Normal Curve 
Desiccated 


oD a aes ee 


SS ey $2.50 


CAPPEL LABORATORIES 
Diagnostic Reagents 
Box 352, Wayne, Pa. 
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STERILE HIGH TITER 
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TITER. Exclusively 
sonal supervision of 


GROUP SERA 


For ACCURATE 
|’) «CLASSIFICATION 


Improper classification, due to 
weak reacting testing sera or 
failure to differentiate A: from 
Az bloods may cause serious 
trouble— even fatalities. 


Our Grouping Sera are certified for HIGH 


repared under the per- 
r. R. B. H. Gradwohl 


for safe, efficient, accurate laboratory tech- 
nique. We invite your inquiries. 


Our sera are manufactured under Government 
License No. 160, N.L.H. These sera are Anti-A, 
Anti-B, and Absorbed Anti-A. Absorbed 
Anti-A serum is to differentiate between Ai 
and A: bloods. Anti-M and Anti-N sera are 
‘used for blood spots and paternity work. Our 
Anti-Rh serum is manufactured by the Blood 
Bank of Dade County and must be used with 


a viewing box. 


Write for a sample copy o, 

The Gradwohl as ad 
Digest full of helpful hints on 
laboratory 


improve 
technique. 
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LABORATOR4ES 
R. B. H. Gradwohl, M. D.,Director 






3514 Lucas Av. 


St. Louls, Mo. 


POLY PHIL 


Sheep Red Coll 


Uniformity and dependability in the comple- 
ment-fixation field have long been retarded 
through the use of variable reagents. In- 
consistency in cell resistance has been the 
cause of many unsatisfactory complement- 
fixation tests. Toward the elimination of this 
condition Carworth Farms are pleased to 
announce the production of their new and 
improved pooled POLYPHIL Sheep Red 
Cells. 


Other serological and bacteriological prod- 
ucts available are... . 


VACSEAL COMPLEMENT 
STERILE SHEEP BLOOD td RABBIT BLOOD 
LYOPHILIZED RABBIT PLASMA 


A trial package of any of the above products 
will be sent to laboratories on request. 


€ 


CARWORTH FARMS !NC 


NEW CITY: ROCKLAND COUNTY: NEW YORK 














Lyophilized 


COMPLEMENT 


pooled guinea pig serum 
preserved by desiccation in 
vacuo from the frozen state 


.25 per cc in 5 & 10cc size 


ampuls 
.30 per cc in 2cc size am- 
puls 
fresh serum titre guaran- 
teed. 


Shipped anywhere 
in the United States 


TEXAS BIOLOGICAL 
LABORATORIES 


P. O. Box 722 
Fort Worth 1, Texas 
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XENOPUS LAEVIS FROGS 


1947 PRICE CUT &% 


Due to the enormous volume of our imports created by thouv- 
sands of satisfied users, we now supply the more efficient 
imported South African raised Frog—America’s best PREG- 
NANCY TEST ANIMAL—up to 50-gram size—at $4.00 each, 
Complete starter outfits as low as $35.00. Animal cost per test 
10¢ to 15¢. Write or wire for latest circular on frogs, tanks, 
reagents, etc. Guaranteed stock. 


JAY E. COOK, Importer 


P. O. BOX 302 BALTIMORE 3, MD., U. S. A, 
Cable Address—XENOPUS-BALTIMORE 
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RENNER 


FRIEDMAN TEST VIRGIN DOES 


Also Rabbits For Other Laboratory Tests 
CLOVELLY FARM William Prescott, Owner AVON, OHIO 























——_—$—$ $$$ ——————————————— 


MAXFIELD ANIMAL SUPPLY 


Dependable Laboratory Animals 
RABBITS — GUINEA PIGS — WHITE MICE — WHITE RATS 


Prompt attention to your Animal Problems 












Sycamore 7760 — 7812 Remington Avenue, Montgomery, Ohio 











Rabbits for All Types of Laboratory Use 


Any breed, size, sex or color. 
FRIEDMAN TEST VIRGIN DOES 


Prices reasonable. Every animal guaranteed. 
Prompt safe delivery of all orders. References furnished. 






















RILEY — The Rabbit Man — 331 W. Carpenter Street, Springfield, Ill. 
(Phone 5874) 









ROCKLAND Stock Diets 


have been completely analyzed and thor- Rockland Stock Diets Are Species Specific 
oughly assayed. Nutritional influences ROCKLAND RABBIT RATION 

need no longer be accepted as unknown ROCKLAND MOUSE DIET 

factors. ROCKLAND diets constitute an ROCKLAND RAT DIET (D Free) 
intelligent starting point toward uniform ROCKLAND RAT DIET (Complete) . 
results in delicate investigations and rou- ROCKLAND GUINEA PIG DIET (C Fortified) 
tine research. ROCKLAND MONKEY DIET 


Milled and distributed solely by 
ARCADY FARMS MILLING CO., 223 West Jackson Blvd., Chicago, Il. 










Products of 
ROCKLAND FARMS New City, N. Y. 
Insist upon animals raised and fed on ROCKLAND diets. 
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(See also pages 24 and 26) 











Year ’round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 


oy FROGS for PREGNANCY DIAGNOSIS 





With complete directions for use and care, Per Dozen___----- 5.00 

Per 50 ~--~-.-. 15.25 2!) ae 24.75 
Laboratory Tank with Cover 7.50 
Isolation Jar, 5” x 7’, with weighted metal cover -_--__----__ 3.25 


Rana pipiens Est. NYSSG( 1919 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 























HAMILTON LABORATORY ANIMALS, INC. 


833 TEMPLE BAR BLDG., CINCINNATI 2, OHIO 


Specialist in HLA Albino Rats for research. Also other small Animals. For 
prices and information, write or wire. Prompt and efficient service. 











ANIMALS for RESEARCH 


Rabbits, Mice, Rats, Guinea Pigs, Hamsters, Chickens, Ducks, Pigeons 


Phone Ramsey 9-1064 — 2 Deliveries or More to New York City Every Week 
Send for Price List... 3. STOCKER ® Ramsey, N. J. 








MILK FED WHITE RATS 
THAT ARE DIFFERENT 


Shipped Anywhere in United States and Canada 
h. POULTRY FARM — Ri. Ri. No. 1, Armada, Mich.— Phone New Haven 34F3 














GUINEA PIGS RABBITS WHITE MICE 


Friedman Test Virgin Females—Satisfactorily shipped 1,000 miles and more 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Phone 8113R12 Established 1928 SCOTTDALE, PA. 


(near Pittsburgh) 
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(See also pages 24 and 25) I 


RABBITS 


Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 


PAUL HAMM RABBITRY R.R.No.3 Phone 530 W 3 Greenwood, Ind. 
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DAVIES & NAGLE, Ine. 


Medical & Scientific Research Animals Since 1916 


Rabbits, Guinea Pigs, Mice & Rats 
Pregnancy Test Animals Including Frogs (Rana Pipiens) 





Live Delivery Guaranteed—Local Deliveries—Distant Shipping 
252 W. 69th Street; New York 23, N. Y. Trafalgar-4-3522-23 
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Beautifully Bound in Best Grade Washable Buckram 
Your Name on the Front Cover 


ILLUS 


6 issues per volume, January to June, and July to December inclusive. $2.75 per volume. 


Special arrangements have been made by THE C. V. MOSBY COMPANY 
whereby subscribers can have their copies economically bound to the publisher’s 
specifications. 

You can now have your issues of Journal of Laboratory and Climeal 
Medicine bound in best grade of black washable buckram with your name im- 
printed in genuine gold on the front cover. 

These personalized and handsomely crafted books, distinctively designed, 
will prove an asset to your home or office library. They will be a constant 
source of reference for many years to come. USE 

Your bound volumes will be returned—transportation PREPAID in the COU 
United States. Ship journals express or parcel post PREPAID, with check or T0 
money order made payable to 


THE BOOK SHOP BINDERY 


Creators of Distinctive Bindings Since 1895 
308 WEST RANDOLPH ST., CHICAGO 6, ILL. 
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Gradwohl’s Fourth Edition in Three Volumes 





FOURTH 
EDITION 
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VOLUMES 
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58 COLOR 
PLATES 


3264 PAGES 





1100 
ILLUSTRATIONS 


PRICE: 
$40.00 
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CLINICAL LABORATORY 
METHODS and DIAGNOSIS 


A Textbook on Laboratory Procedures With Their Interpretation 


By R. B. H. GRADWOHL, M.D., D.Sc., F. R. 8. T. M. & H. (London) Director of the Gradwohl 
Laboratories and Gradwohl School of Laboratory Technique; Pathologist to Christian Hospital; 
Director, Research Laboratory, St. Louis Metropolitan Police Department, St. Louis; Fellow, 
American Public Health Association. 


Because of the accumulation of material dealing with laboratory exam- 
inations, and in order to give you complete coverage of the ever grow- 
ing field of clinical laboratory methods, Gradwohl’s CLINICAL 
LABORATORY METHODS and DIAGNOSIS now comes +o you in 
a new Fourth Edition in Three Volumes. 







Covering so many subjects relating to the general topic of clinical 
pathology, Dr. Gradwohl freely admits that it has outgrown the 
capacity of a single author—and so he has called upon the expert 
knowledge of outstanding men in some fields. Thus, we predict new 
and greater success for the Fourth Edition because: 
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Dr. Oscar Felsenfeld, now of Puerto Rico, formerly Associate Professor, 
a Medical School, has completely revised his chapter on BAC- 
TERIOLOGY. 


An entirely new chapter on ELECTROCARDIOGRAPHY has been 
written by Dr. Julius Elson, Cardiologist for the Jewish Hospital Clinic 
and the Christian Hospital, St. Louis; Instructor in Medicine, Washing- 
ton University Medical School. 


Dr. J. J. Weinstein, Associate in Surgery, School of Medicine, George 
Washington University, once more makes an important contribution by 
rewriting his chapter on PROTEIN METABOLISM and PARENTERAL 
PROTEIN HYDROLYSATE. 


Timely and authoritative remarks are included by Dr. Alfranio do 
Amaral of Sao Paulo, Brazil, on SCORPIONISM and ARANEISM. 


Major Sidney Kaye, formerly of the Research Bureau of the Metro- 
politan Police Department of St. Louis, now Toxicologist for the Medical 
Examiner of the State of Virginia, presents vital information on 
TOXICOLOGY AND POLICE CRIME METHODS. 


The author contributes important material on the Rh Factor, and on 
the diagnosis of cancer by vaginal smears, sputum examination, gastric 
contents, urine examination and pleural and abdominal fluids. 


The Third Volume consists of over eight hundred pages on PARASIT- 
OLOGY and TROPICAL MEDICINE, written in collaboration with Dr. 
Pedro Kourf of the University of Havana. This has been done in the 
light of tremendous advances in this field since the war, so that such 
diseases often hitherto overlooked, may now come within the daily 
range of probability in diagnosis. 
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The CV. MOSBY Company 


Please send me Gradwohl’s CLINICAL LABORATORY METHODS 
and DIAGNOSIS—tth Edition in Three Volumes. The price is $40.00. 





3207 Washington Blvd. 
St. Louis 3, Mo. 





Address 


O Enclosed is check O) Charge my account 
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Chances are you're trying to dream up the 
perfect gift for one of these lucky people! 
And what gift could be more wonderful 
for any or all of them—than a crisp U.S. 
Savings Bond! 
Remember U.S. Savings Bonds pay $4 for 
every $3 at the end of 10 years. 





Page 28 









@ 


U.S. Savings Bonds do not lose their value 
if they’re lost, stolen or destroyed. 

They can be turned into cash in case of 
emergency. 

Settle your gift problems at your bank or 
post office—with U.S. Savings Bonds! While 
you’re at it—how about some for yourself! 


Contributed by this magazine in co-operation with 
the Magazine Publishers of America as a public service. 


Jour. of Lab. & Clin. Med. 
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Announcing Publication of MEAKINS’ New Fitth Cedition 


Che Lractice 


of Medicine 


By JONATHAN CAMPBELL MEAKINS,C.B.E., M.D., 
LL. D., D.Sc., Formerly Professor of Medicine and 
Director of the Department of Medicine, McGill Uni- 
versity; Physician-in-Chief, Royal Victoria Hospital, 
Montreal, etc. 





A FULLY INTEGRATED AND COMPLETE DIAGNOSTIC 
AND THERAPEUTIC GUIDE FOR THE SPECIALIST 
AND GENERAL PRACTITIONER IN MEDICINE 


1558 Pages ~ ~ 518 Illustrations: 50 In Color ~ ~ PRICE, $13.50 


From its inception, Dr. Meakins’ work has been based 
on symptomatology with a physiological approach— 
never stopping with dry signs and symptoms alone. 
Always their significance is clearly explained and 
logical treatment indicated. As was true of all previous 
editions, the many and notable illustrations make the 
= a standout among the ‘“‘practice’’ books in print 
oday. 

Specifically the changes and additions to this 
New 1950 Edition are: 


The entire book has been reviewed and brought 
completely up-to-date. 

Special attention has been given to: Mycotic 
diseases of the lungs... Electrolyte imbalance of 
cardiac function . ..Gastro-intestinal infections .. . 
Hepatic diagnosis ... Diseases of the Mediastinum 
... Hepatitis... Diseases of nutrition—with particu- 


lar attention to the effect of injuries and diseases 
on nutrition. 


The so-called collagen diseases have been given 
considerably more attention, particularly in regard 
{0 periateritis nodosa, lupus erythematosis, schlero- 
derma, etc. 

The chapters on metabolism and on the ductless 
glands have been considerably enlarged. 


The small section on psychiatry has been replaced 
by one on psychosomatic medicine—modern medi- 
cine having proved that so many of man’s diseases 
stem from his emotions. 

A new chapter on the antibiotics and chemo- 
therapy has been added. 


~ = 


There is no other book in which the material has 
been better integrated; considering the enormous 
amount of information that has been covered. It is 
actually more than a dozen “books” in one large, 
well illustrated volume. For example: 

It contains 63 pages on the Larynx and Bronchial 
System . . . 92 pages on the Nasopharynx and Mouth 
... 145 pages on Diseases of the Lungs. . . 167 pages 
on the Circulatory System...139 pages on the 
Gastrointestinal Tract ...65 pages on Diseases of 
the Liver and Bile Passage . . . 79 pages on Diseases 
of Metabolism . . . 86 pages on Diseases of the Duct- 
less Glands . . . 187 pages on Diseases of the Nervous 
System .. . 44 pages on Psychosomatic Medicine... 
44 pages on the Urinary System... 120 pages on 
Infectious Diseases. 


y 
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—— Published by 


THE C. V. MOSBY COMPANY 


July, 1950 


Saint Louis 3, Missauri 


San Francisco 9, California 
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An Important Reference Book 





THE purpose of this book is to pre- 
sent the problems of pharmacy and 
chemistry which are involved in 
the manufacture of the official prep- 
arations in an effort to help the be- 
ginner, whether a student in college 
or an apprentice in a modern phar- 
macy. It discusses preparations 
which are official in the United 
States Pharmacopoeia XIII and the 
National Formulary VIII. 

The plan of the book is as follows: 
1. A general discussion of each 
class of the preparations. 2. The 


The OFFICIAL PREPARATIONS of PHARMACY 


By CHARLES OREN LEE, Ph. D., Professor of Pharmacy, 
Furdue University School of Pharmacy, 
528 pages, illustrated. PRICE, $5.50. 





The C. V. Mosby Co. - Medical Publishers - St. Louis 3, Mo. 





Lafayette, Indiana. 





general discussion is followed by a 
list of the preparations in a given 
class, arranged alphabetically ac- 
cording to the official English title. 
3. Comments are given about each 
preparation, including the problems 
of its manufacture and other points 
of information. 

The general discussions include def- 
initions and processes involved in 
the manufacture of the preparations, 
together with some discussion of the 
equipment regarded as useful in the 
making of the products in question. 






































—— 


Jour. of Lab. & Clin. Med. 








The Journal of Laboratory and 
Clinical Medicine 


The Official Publication of the Central Society for Clinical Research 


CLAYTON G. LOOSLI, M.D., Editor 
University of Chicago School of Medicine 
950 East 59th Street Chicago 37, IlMnois 


PUBLISHED BY THE C. V. MOSBY COMPANY, 3207 WASHINGTON BLVD., 
ST. Louis 3, U. S. A. 





Published monthly, Subscriptions may begin at any time. 





Editorial Communications 


The Journal of Laboratory and Clinical Medicine is published under the 
editorial direction of a Board of Editors appointed by the Central Society for 
Clinical Research. Manuscripts describing original observations in the broad 
fields of clinical investigation and clinical pathology are invited. Society affiliation 
will not prejudice or influence editorial decisions. 


Manuscripts.—All correspondence relating to the publication of papers should 
be addressed to the editor. Manuscripts must be typewritten on only one side of 
the paper, double or triple spaced. Academic degrees of authors should be given. 
Bibliographic references should include the titles 0. papers and should conform 
to the following style: Author, Title, Journal, Volume, Inclusive Pages, Year. 


Neither the editor nor the publisher — responsibility for the opinions 
of contributors, nor are they responsible for other than editorial statements. 


Illustrations.—A reasonable number of half-tone illustrations will be repro- 
duced free of cost to the author, but special arrangements must be made with the 
editor for color plates, elaborate tables or extra illustrations. Copy for zinc cuts 
(such as pen drawings and charts) should be drawn and lettered only in India 
ink, or black typewriter ribbon (when the typewriter is used), as ordinary blue 
ink or colors will not reproduce. Only good photographic prints or drawings 
should be supplied for haif-tone work. 


Reprints.—After an article has been printed, the publishers will send to 
authors an estimate of the cost of reprints. Reprints may then be ordered directly 
from the publishers, The C. V. Mosby Company, 3207 Washington Boulevard, 
= — 3, Missouri. Individual reprints of an article must be obtained through 

e author, 


Business Communications 


_ Business Communications.—All communications in regard to advertising, sub- 
scriptions, change of address, etc., should be addressed to the publishers, The C. V. 
Mosby Company, 3207 Washington Blvd., St. Louis 3, Mo. 


Subscription Rates.—In the United States and other countries in the U. 8. 
Postal Zone, $10.00, single copies $1.10. In Canada and foreign countries, $11.00, 
single copies $1.20. Subscriptions will be furnished to medical students, interns, and 
Tesidents at half price. Two volumes a year, beginning January and July. 
Remittances for subscriptions should be made by check, draft, post office or 


express money order, or registered letter, payable to the publishers, The C. V. 
Mosby Co. 


Change of Address.—The publishers should be advised of change of subscrib- 
er’s address about fifteen days before the date of issue, with both new and old 
addresses given. 


Advertisements.—Only articles of known scientific value will be given space. 
Forms close first day of the month preceding date of issue. Advertising rates 
and page sizes will be furnished on application. 





elas. 











SUPERSEDES HONING AND STROPPING OF 
Microtome 


Blades 


the BERKELEY SHARPENER 


Designed at the University of.California, embody- 
ing improvements suggested by leading anatomists, 
the Berkeley Microtome Knife Sharpener produces 
the finest, most effective cutting edge in a matter 
of minutes, 


A simple micrometer adjustment determines the 
degree of bevel, and this angle may be accurately 
reproduced at each sharpening. 


The knife is carried across the edge of a plate 
glass disc, five-eighths of an inch thick, on which 
a soapy emulsion. of levigated alumina is used as 
an abrasive. Sharpened knife-is slightly hollow- 
ground—accepted authoritatively as the keenest, 
most efficient cutting edge. 


It is simply operated and easily cleaned. Overall 
dimensions: 9”x9”x20”. One-twentieth h.p., motor 
revolves at 1800 rpm; operates’on 60 cycle 115 
volt A.C. 


Supplied with levigated alumina, instruction 
manual, Carborundum wheel dresser and 
safety shields. $240.00 


FisHer SCIENTIFIC Co. 
EIMER AND AMEND 


In Canada: Fisher Scientific Co., Ltd., 904 St. James 


Photomicrograph 
right (200x) shows 
edge of microtome 


knife carefully strop- g 


and honed by 
and. 


Lower. illustration, 
same magnification, 
shows ‘edge produced 
on. Berkeley Microtome 


. Knife. Sharpener, in 


one-third of the time. 





Pittsburgh 19, Penna. 
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THE ROLE OF IMMATURE PLASMA CELLS, LYMPHOBLASTS, AND 
LYMPHOCYTES IN THE FORMATION OF ANTIBODIES, AS 
ESTABLISHED IN TISSUE CULTURE EXPERIMENTS 


F. J. KEUNING, M.D., AND L. B. VAN DER SLIKKE, M.D. 
GRONINGEN, THE NETHERLANDS 


OR a long time the reticuloendothelial system has been looked upon as the 

site where antibodies are formed. Although this theory was based on only 
a few experimental findings, the main idea seems justified, i.e. that phagocytotie 
activity of the leucocytes and macrophages for the assimilation of the antigenic 
material is necessary before any antibody production can take place. The 
hypothesis that antibody production would depend upon these same phagocytotic 
cells is mere surmise. However, any theory covering more especially the prob- 
lem of the synthesis of the immune substances should fit in with the idea of 
phagocytotic assimilation of the antigen. In this respect the findings of 
Epstein’* seem of basic importance. For the morphologic representation of 
immunization this author describes phagocytotie reticuloendothelial cells giving 
rise to aggregates of nonphagocytotie round cells, resembling plasma cells and 
other lymphoid elements. 

In recent years much attention has been given—mainly by American in- 
vestigators—to the lymphocyte as a possible producer of antibodies, whereas in 
Europe great importance has been attributed to the plasma cell. This paper is 
a preliminary attempt to bridge the gap between these controversial hypotheses. 

The whole problem has gained much wider perspective since antibodies 
have been identified as plasma beta and gamma globulins*® ** endowed with 
specific characteristics that can be established only by immunologic methods. 
The synthesis of immune globulins will in all probability therefore be intimately 
connected with plasma-globulin metabolism. 

Macrophages——Among the investigators of the last decade Sabin,”* using 
colored azoproteins as antigen, could follow up the assimilation of the dye- 
protein in macrophages in the spleen and liver. Subsequent cytoplasmic budding 
of these cells at the same time as the appearance of immune bodies was inter- 
preted as the release of these substances. Hartley'® produced evidence of a 
macrophagic origin of antibody locally at the antigen injection site in the 
skin. The interpretation of this experiment, however, has been strongly 
criticised by Harris, Rhoads, and Stokes.’® 

Lymphocytes —MeMaster and Hudack** gave unequivocal evidence of the 
direct importance of lymphcid tissue in antibody formation. After subcutaneous 
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injection of the antigen it was mainly the regional lymph nodes that were 
responsible for this production. Harris and co-workers'* contended that after 
intravenous administration of antigen the spleen played the major role. 

Ehrich, Harris, Grimm, and Mertens in a series of investigations®** ex- 
tended the experiments of McMaster and Hudack. By cannulating the afferent 
and efferent lymph vessels of a lymph node regional to the antigen injection 
site, they could detect antibody in efferent lymph before its appearance in 
blood serum or afferent lymph. Together with the synthesis of antibodies by 
the lymph node a marked lymphopoiesis and increased output of lymphocytes 
was found. In the node lymphoid cells appeared with a marked basophilia, 
suggesting a high content of ribonucleic acid. On the basis of the work of 
Caspersson® and many others, this high nucleic acid content was considered 
indicative of protein synthesis. In the efferent lymph the greater quantity of 
antibody was present in the fluid but the cell fractions contained relatively even 
higher amounts. As 95 per cent of these cells were lymphocytes, the ¢onelusion 
was reached that ‘‘the lymphocyte was instrumental in the formation of anti- 
body.”’ 

Dougherty and White” * ** ** then demonstrated in lymphoid tissue of 
normal animals, the tissue largely consisting of lymphocytes, the presence of 
protein components electrophoretically identical with serum beta and gamma 
globulin, while the same tissues of immunized animals contained large quanti- 
ties of antibody. The authors supposed these substances to be present within 
the lymphocytes and their release into the lymph stream or blood stream to be 
under pituitary-adrenocortical control. This latter point, however, was not 
confirmed by others (Eisen and co-workers’*; Craddock and Lawrence‘). 

By serologic methods, Kass®° also showed the presence of gamma globulin 
in cell suspensions of lymphocytes. Special care was taken that the suspensions 
used consisted almost exclusively of lymphocytes. In these experiments, more- 
over, immune bodies again proved to be identical in antigenic properties with 
normal gamma globulin. 

Recently Valentine, Craddock, and Lawrence,** in experiments with cats, 
were not able to demonstrate the presence of antibody in lymphocytes of 
thoracic duct lymph. 

Plasma Cells—The occurrence of large quantities of plasma cells is well 
known in chronic infectious diseases, in conditions of hyperimmunization, and 
in a number of hyperproteinemie states. Bjorneboe and co-workers” * could 
demonstrate very high antibody titers in extracts of plasma cell infiltrations in 
hyperimmune animals. In these infiltrates lymphocytes were only sparse (less 
than 10 per cent). These investigators inferred that in the afore-mentioned 
experiments of Ehrich, Dougherty and White, and others, the cell suspensions 
used were contaminated with varying amounts of plasma cells, which could be 
held responsible for the antibody titers found. 

On cytologic grounds, Bing, Fagraeus, and Thorell' also considered plasma 
cells more likely than lymphocytes to produce antibodies. 

It will be clear that in the experiments mentioned so far only the antibody 
content of tissues and cells has been investigated. In the experiments of 
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McMaster and Hudack, and Ehrich, Harris, Grimm, and Mertens the high anti- 
body content of lymphoid tissue is conclusive as to the antibody production in 
this tissue. However, the finding of antibody in lymphocytes or other cells does 
not give any information about an eventual ability of these particular cells to 
produce or multiply the immune substances. This has been brought forward 
very emphatically by Dougherty and White.” ” *%7 

Tissue Culture Experiments.—Very logically, Fagraeus’® 1° tried to solve 
the problem by means of tissue culture whereby the very production of anti- 
bodies should eventually be demonstrable. After explanting splenic fragments 
during secondary response of immunization—red pulp and Malpighian cor- 
puscles being cultivated separately—antibody production in vitro was only 
found in red pulp. Careful histologic analysis of sections and smears of the 
tissue used suggested immature plasma cells as being of primary importance 
for this production ; the production of antibody in vitro was paralleled by the 
occurrence of aggregates of large basophilic cells in control preparations of the 
red pulp. In the animal these cells developed within a few days into mature 
plasma cells of the Marschalko type; red pulp fragments, taken during these 
latter stages of differentiation, showed only negligible antibody production in 
vitro. Malpighian corpuscles did not produce antibodies in vitro and also did 
not contain plasma cells but only lymphocytes and their progenitors. These 
experiments seem very conclusive as to the role of plasma cells, especially the 
immature ones, and lymphocytes. It may be mentioned that Kolough?? and 
Kolough, Good, and Campbell?* expressed a somewhat similar hypothesis; the 
synthesis of antibodies possibly being correlated with the maturation process 
of plasma cells. 

In view of the apparent inability of follicular lymphoid tissue (Fagraeus) 
to produce antibodies, the question arises as to what extent the results of the 
above-mentioned experiments of Ehrich ¢. s., Dougherty and White, and 
Kass are due to plasma cells rather than to lymphocytes. These latter experi- 
ments do not give any information about the actual production of antibodies, 
but the antibody content of lymphocytes as found by these authors—particu- 
larly the observations of Kass on suspensions of pure lymphocytes—does 
not appear to be in accordance with a hypothesis of plasma cell origin of 
these substances. 

We, therefore, undertook to retest the role of lymphocytes and plasma cells 
respectively, 

In the first series of experiments we reinvestigated the antibody production 
in vitro of red and white splenic pulp, largely following the technique of 
Fagraeus. In a second series the role of individual types of splenic cells in 
antibody formation was studied, by explanting splenic cell suspensions separated 
into different fractions by means of sedimentation. 

In studying the morphology of the cells in question, methylgreen-pyronin 
staining (Unna-Pappenheim) proved to be considerably more satisfactory than 
Romanowsky staining because it permits far better discrimination of cell types 
in the lymphoid series. The Unna-Pappenheim procedure can be considered to 
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be a differential staining for nucleic acid (Brachet*), methylgreen being highly 
specific for ‘‘nuclear’’ desoxyribonucleic acid (Di Stefano,?® Pollister and 
Leuchtenberger**) and pyronin staining with some restrictions being indicative 
For exact cytologic examination we be- 
It may be noted that 






for ‘‘eytoplasmic’’ ribonucleic acid. 
lieve the moist smear to be far superior to dried smears. 
the descriptions given apply exclusively to moist smears. 







MATERIAL AND METHODS* 










Adult rabbits, male and female, weighing approximately 2,000 grams were used through- 
out. The animals were immunized by three intravenous injections of 0.3, 0.5, and 0.5 ml. 
of paratyphoid B vaccine at weekly intervals. Strains rich in H antigen of phase 1 (antigen 
b) were used; the vaccine contained 6000.10¢ Formol-killed organisms per milliliter. One 
to four days after the last immunizing injection the animals were killed by bleeding from 
the carotid, having received 25 to 40 mg. heparin sodium intravenously a few minutes before. 
Under a dissecting microscope fragments of red and white splenic pulp were prepared and 
washed in sterile saline. Amounts of approximately 10 mg. each were divided into two 
equal portions; one was extracted for total antibody content, the other cultivated in 1 or 2 
ml. culture fluid for about twenty hours and then macerated in this fluid with quartz meal. 











A cell suspension was made of other portions of the spleen. After washing in saline, 
this suspension was separated into. two fractions by sedimentation (slow centrifuging) to 
separate if possible the large immature cells from the large mass of small lymphocytes. Both 
fractions were divided into two portions; one was extracted for total antibody content of 


the cells, the other cultivated in 1 or 2 ml. culture fluid for about twenty hours. 









Extraction was done as follows: white and red pulp were macerated with quartz meal 
in a micromortar, lysed with distilled water and NaCl was added up to a strength of 1 per 
Cell suspensions were centrifuged, the cells lysed with distilled water, and NaCl was 
As culture medium the perfusion fluid for tissue 
culture described by de Haan1!7 was used first. In later experiments 25 per cent rabbit 
serum in Tyrode’s solution was used as culture fluid. The de Haan fluid is artificial ascitic 
fluid prepared by intraperitoneal injection into rabbits of some 1,000 ml. Ringer solution. 
Three hours after the injection the fluid is recollected, the exudate cells are discarded after 
sedimentation (standing overnight), and glucose is added up to 100 mg. per 100 ml. to 
the clear supernatant fluid. H-agglutinin titers of extracts and culture fluids were determined 
with Ficker suspension; the double dilution technique was generally used, the antibody- 
Interpolations were sometimes made. 






cent. 
added up to a strength of 1 per cent. 











containing fluids being diluted. 





Moist smears were made on slides covered with a thin film of rabbit plasma. Fixation 
was in absolute alcohol or Carnoy’s alcohol-chloroform-acetic mixture. Staining was done 
with methylgreen-pyronin according to Unna-Pappenheim with the modification of Koch.?! 
Total white cell counts of the cell suspensions and differential counts of the smears—600 
cells being counted each time—were made. Routine control sections of spleen, thymus, bone 
marrow, and lymph nodes were made after Helly- and Carnoy-fixation and stained with 








methylgreen-pyronin. 









RESULTS 





Red and White Splenic Pulp.—The main group of experiments concerns 
material taken three and four days after the last vaccine administration. This 
is generally thought to be a moment when antibody formation is maximal, al- 
though highest blood titers are found somewhat later. In a few experiments 
the material was taken twenty-four hours after the last immunizing injection. 







_*We are greatly indebted to the Department of Bacteriology, the University of Groningen, 
especially to Prof. A. B. F. A. Pondman, M.D., and Dr. A. Beute for their kindness in preparing 
the vaccines and their invaluable advice in serologic problems. 
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Histologic Picture of the Spleen: In all animals, from one to four days 
after the last antigen administration, Malpighian corpuscles were well developed. 
Reaction centers were large and apparently in a state of active lymphopoiesis; 
numerous mitoses were found and the predominant type of cell was the large 
and middle-sized immature lymphoid cell with strongly pyroninophilie (baso- 
philic) eytoplasm and a large bright nucleus with conspicuous, pyroninophilie 
nucleoli. These cells are represented in Fig. 1. This cell might be ealled a 


si 


Fig. 1.—Large basophilic lymphoblasts in reaction center of Malpighian corpuscle; three days 
after the last antigen administration. 


lymphoblast or reticular lymphocyte. A number of macrophages filled with 
“tingibele Koérper’’? (Flemming) were usually present, and, last, some in- 
different reticular cells showing no characteristic staining properties. The 
lymphocyte bands surrounding the centers were possibly somewhat reduced and 
consisted largely of small lymphocytes but always contained a number of the 
same large basophilic elements as seen in the centers, see Fig. 2. In the ani- 
mals killed twenty-four hours after the last antigen administration these cells 
were particularly numerous in the outer zones of the lymphocyte bands. 


bd 
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In the red pulp considerable differences were found between the animals 
killed twenty-four hours and those killed three and four days after the last 
vaccination. In the latter animals (three and four days) an extensive develop- 
ment of aggregates of large, pyroninophilic (basophilic) cells as described by 
Fagraeus’® '° was always found in the red pulp. These aggregates are pic- 
tured in Figs. 3 and 4. In part these cells closely resembled the large immature 


Fig. 2.—Large basophilic lymphoblasts in lymphocyte band of Malpighian corpuscle; three days 
after the last antigen administration. 


cells found in white pulp, i.e., the ‘‘lymphoblasts,’’? and for another part they 


corresponded to the ‘‘immature plasma cells—I’’ of Fagraeus. All of these cells 


are considered by her to represent prospective plasma cells, the latter ones being 
the first stage in the differentiation of lymphoid stem cells into mature plasma 
cells. In a few days, certainly, the cell type in these aggregates changes into 
that of mature Marschalko plasma cells. 

In the animals killed twenty-four hours after the last vaccination these 
characteristic cell aggregates are just beginning to develop. 


Granulocytes were usually not found in any appreciable amount. 





Fig. 3.—Aggregate of immature plasma cells in red splenic pulp; three days after the last 
antigen administration. 


\ ~ — 


Fig. 4.—Immature cells of plasma cell aggregate in red splenic pulp; three days after the last 
antigen administration. 
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Tissue Culture Experiments: In all of these experiments, like those with 
splenic cell suspensions, an agglutinin titer both in extracts and cultures was 
found. From the comparison of the two values—in extract and culture—the 
new production of agglutinin during cultivation could be estimated. 

It appeared that, contrary to the results of Fagraeus, a production of 
agglutinin was always found in explants from both white pulp and red pulp. 
The data from the experiments with splenic fragments, explanted three and 
four days after the last antigen administration, are given in Table I. In the 
first series, de Haan perfusion fluid was used as culture medium. New produc- 


TABLE I. AGGLUTININ PRODUCTION IN RED AND WHITE SPLENIC PULP EXPLANTED THREE 
AND Four Days AFTER THE LAST ANTIGEN ADMINISTRATION* 















































RED PULPt WHITE PULP 

EXPERI- TITER TITER TITER TITER CULTURE 

M ENTt DAYS EXTRACT CULTURE | INCREASE EXTRACT CULTURE INCREASE FLUID 
3 3 1:8 | 1:16 lx 1:4 1:8 ix d.H. 
4 4 1:8 1:32 3x 1:2 1:8 3x d.H. 
5 4 1:16 1:128 7x <1:4 1:16 Sax d.H. 
6 3 1:32 1:48 Ih y 1:12 1:32 2x d.H. 
7 3 1:2 1:8 3x 1:1% 1:6 3x d.H. 
8 4 1:64 1:128 1x 1:16 1:64 3x d.H. 
3) 4 1:32 1:128 3x 1:12 1:32 2x d.H. 
12 3 1:16 1:96 5x 1:12 1:24 lx d.H. 
13 3 1:6 >1:96 > 15x 1:1% 1:6 3x TS: 
14 5 1:8 1:128 15x 1:1% 1:6 3x 18 
15 3 1:8 1:64 7™ 1:4 1:4 Ox TS; 
16 3 1:8 1:64 7x 1:3 1:16 4x T.S. 











d.H., de Haan culture fluid; T.S., Tyrode serum mixture. 
*All data obtained in the course of this investigation have been actually recorded in the 
tables. If any figure is omitted, that particular part of the experiment was not carried out 
or the preparations were lost during manipulation. 

+Numbers of experiments correspond with those of Tables II and III. 

tQuantities of red pulp explants were usually two to eight times the quantities of white 
pulp explants. 


tion in vitro—in terms of the amount of agglutinin present in the control 
extracts of equal quantities of tissue—was on the average 3x in both white and 
red pulp in this series of experiments. In the second series where serum in 
Tyrode solution was used, these mean values were 3x for white pulp, 10x for 
red pulp. 

The antibody content of the red pulp at the moment of explantation was, 
however, some two times that of a comparable quantity of white pulp, as esti- 
mated from quantities of tissue used and respective extract titers. This means 
that the absolute quantity of newly produced agglutinin in red pulp explants 
was also much greater than that in white pulp. 

In Table II the data are given of four experiments in which the material 
was explanted twenty-four hours after the last antigen administration. In 
contrast to the previously mentioned experiments no significant difference be- 
tween red and white pulp was found; agglutinin content and production in 
vitro of agglutinin were nearly equal in the two components. Apparently the 
red pulp had not yet reached its high level of antibody production that was 
usually found at the third or fourth day of the secondary response. 
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TABLE II. AGGLUTININ PRODUCTION IN RED AND WHITE SPLENIC PULP EXPLANTED 
TWENTY-Four Hours AFTER THE LAST ANTIGEN ADMINISTRATION* 








RED PULPt WHITE PULP 
TITER TITER TITER TITER CULTURE 
EXPERIMENT EXTRACT CULTURE INCREASE EXTRACT CULTURE INCREASE FLUID 
10 1:16 1:48 2x 1:6 1:24 3x d.H. 
19 132 1:24 1x 1382 1:32 2x d.H. 
15 1:8 1:48 5x ft! 1:4 3x ‘eae 
16 1:6 1:16 2x eS 1:8 2x ‘Le 
*All data obtained in the course of this investigation have been actually recorded in the 


tables. If any figure is omitted, that particular part of the experiment was not carried out or 
the preparations were lost during manipulation. 


7Quantities of red pulp explants were usually two to eight times the quantities of white 
pulp explants. 























Splenic Cell Suspensions.—In these experiments the material was uniformly 
collected from the animals three and four days after the last antigen 
administration. 

Cytologic Picture of the Cells: The different cell types found in control 
smears of suspensions used were classified into two groups: ‘‘large lymphoid 
cells’? and ‘‘small lymphoid eells.’’ Erythrocytes were always present in 
moderate quantities; granulocytes were always scanty. Both were disregarded. 

Among the ‘‘large eells,’’ the greatest—Fig. 7, A—measure 15 to 20 p 
and have a strongly pyroninophilie (basophilic) cytoplasm, which is sometimes 
slightly granular. The large, round nuclei show a distinct, somewhat irregular 
nuclear membrane. Chromatin is scanty but for the chromocenters, some of 
which are seen in connection with large pyroninophilic nucleoli—the so-called 
nucleolus-associated chromatin. In short, the cytologic picture suggests active 
protein synthesis (Caspersson® and many others). In control sections of the 
spleens these cells were found in Malpighian corpuscles—‘‘lymphoblasts’’—as 
well as in the characteristic cell aggregates of red pulp (see Figs. 1 to 4). 
Obviously these cells correspond to the ‘‘acute splenie tumour eell’’ of Rich, 
Lewis, and Wintrobe,?’ considered by them to be a lymphoblastic cell, and to 
the ‘‘reticular lymphocyte’’ and the ‘‘reticular plasma cell’’ described by 
Kolough and co-workers?” 2* and Sundberg,®® and to the ‘‘transitional cell’’ 
of Fagraeus.'® 1° 

Apart from these cells a significantly greater quantity of slightly smaller 
ones—I*ig. 7, B—was found, measuring 10 to 15 yp, likewise with strongly 
pyroninophilic (basophilic) cytoplasm and distinct, though less conspicuous, 
pyroninophilie nucleoli. These cells often showed slightly eccentric, oval or 
even indented, nuclei and obviously correspond to the ‘‘immature plasma cell— 
I” of Fagraeus, the first step in the maturation process of lymphoid stem cells 
to plasma cells. The former was indeed the main component of the charac- 
teristic cell aggregates of the red pulp at about the third day of secondary 
response. In our cell suspensions these cells together with the afore-mentioned 
larger ones constitute what we classified as ‘‘large cells.’’ 

The group of ‘‘small cells’’ mainly consisted of small lymphocytes, Fig. 
7, C, in which we never observed any notable cytoplasmie pyroninophilia or 
true nucleoli, whether in cell suspensions or in sections. 
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It may be noted here that mature plasma cells of the Marschalko type were 
practically absent in this stage of the immunization process. 

Tissue Culture Experiments.—The splenic cell suspensions prepared from 
the bled animals were subjected to differential sedimentation to separate them, 
if possible, into a fraction I, containing most of the large cells, and a fraction IT, 
containing only a few large cells and thus consisting mainly of small lympho- 
eytes. This fractionation gave a varying degree of suecess. From Table III, 
which summarizes the results of this group of experiments, it can be seen that 
a fairly good fractionation was obtained for instance in experiment 1 with 
30.6 per cent of large cells in fraction I, and 10.0 per cent of large cells in 
fraction II. Figs. 5 and 6 represent control preparations of these cell 
suspensions. 


Fig. 5.—Splenie cell suspension—fraction I, experiment . Great numbers of large 
d , 


lymphoi 


Fig. 6.—Splenic cell suspension—fraction II, experiment 1. Only very small numbers of 
large lymphoid cells. 


cells. 


In extracts of the cellular elements of these suspensions a significant differ- 
ence in agglutinin content between fraction I and II was never observed. If 
the extract titers of the two fractions in every single experiment are compared 
(different experiments cannot be compared), it can be seen that these titers 
are largely proportional to the total numbers of white cells irrespective of the 
differentiation into large and small cells. This seems to indicate that both the 
large cells and the smaller ones, the lymphocytes, do contain antibody. This 
result, therefore, is in accordance with the observations of Ehrich «s., 
Dougherty ¢.s., and Kass. The value that can be attributed to these findings 
Will be discussed later on. 
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In tissue culture, however, the two fractions behaved quite differently, 
fraction I generally showing significantly higher production of agglutinins than 
fraction IJ. If the new productions again in terms of agglutinin present in 





Fig. 7.—Cells from splenic cell suspensions, experiment 1. A, large immature lymphoid cell; 
B, immature plasma cell; C, lymphocytes. 


control extracts of the cellular sediments—i.e. the ‘‘increase’’ of the two frac- 
tions in each single experiment—are compared, the respective production of 
agglutinin is strikingly proportional to the percentages of large cells in the 
two fractions. The most characteristic results from Table III may be mentioned 


apart. 
Exp, 1 fract. I 7x — 31%; fract. II 3x -— 10% 
2 fract. I 9x — 22%; fract. II 214x - 8.8% 
4a fract. I 6x — 28%; fract. II 3x -— 15% 
9 fract. I 2x — 15%; fract. II 2x - 15% 

From these observations it may be concluded that the production of ag- 
glutinin in these cultures is completely dependent on the presence of large 
cells. The smaller ones, lymphocytes, although probably containing antibody, 
are not capable of producing or multiplying it under the conditions of the 
experiment. 

In experiment 5 it appeared that a considerable number of large cells was 
present in fraction I, whereas practically no antibody production in vitro took 
place. Control preparations suggested undoubtedly that very active production 
could have been anticipated. The cause of the failure of this suspension to 
produce antibody is obscure but explanted splenic fragments in this case were 
exceptionally active in producing agglutinin. (Table I.) 


DISCUSSION 


Summarizing the results of our experiments, we may first remark that both 
red and white splenic pulp always produced agglutinin. At the moment of 
maximal antibody production in the animal—third and fourth day after the 
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last administration of antigen—red pulp explants produced significantly more 
agglutinin than white pulp. If one considers the spleen as a whole, it will be 
clear that- by far the greater part of the antibody produced by this organ at 
this time is undoubtedly formed in the red pulp. 


Second, the conclusion seems justified that it is not the mature lymphocyte 
that is responsible for the antibody production found in vitro, but the large, 
immature lymphoid cell. 

The main problem now is: what kind of cells do all of these immature 
elements described (like those pictured by Ehrich,!?'**¢'*) represent— 
lymphoblastic cells or exclusively reticular or immature plasma cells? And 
further: what is their respective role in antibody formation? 


Cytologically these immature cells appear to be elements which are very 
active in protein synthesis; the high content of cytoplasmic ribonucleic acid, 
the pronounced nuclear membrane, and the large ribonucleic-acid-containing 
nucleoli are all indicative of a production of protein substances (Caspersson’). 
This means either rapid growth or some other active process involving protein 
anabolism. 

With regard to the red splenic pulp, the high agglutinin production in 
vitro (1), the oceurence of the characteristic aggregates of immature lymphoid 
cells (2), and the essential role of the immature lymphoid cells for antibody 
production (3) lead us to the conclusion that it is certainly the large, basophilic 
cells of these characteristic cell aggregates, i.e. the reticular and immature 


plasma cells, that are instrumental in the antibody production to be found 
here. The possibility cannot be excluded a priori that, apart from mature 
plasma cells, other elements might also arise from these cells. 


Concerning the white pulp, the agglutinin production found in the ex- 
plants was, generally speaking, lower than in red pulp. White pulp explants 
consisted practically exclusively of Malpighian corpuscles with at the most 
10 per cent contaminating red pulp material. This contamination may have 
been responsible for the agglutinin production found in some of the experiments 
(experiments 13 and 14). For the majority of the experiments this explanation 
is not satisfactory; the contamination should have been around 50 per cent 
in order to explain the whole agglutinin production actually found (based on 
estimations of agglutinin content and agglutinin production of the respective 
material.) Moreover, the experiments in which white pulp produced nearly 
the same amount of agglutinin as red pulp (twenty-four hours after the last 
antigen administration) certainly cannot be explained in this way. These 
considerations therefore suggest that Malpighian corpuscles do produce anti- 
body. In that case the immature lymphoid cell present here must play the 
essential role, as mature lymphocytes failed to produce antibody. The large 
immature cells present in white pulp as described are obviously evidence of 
active lymphopoiesis. As only lymphocytes and their progenitors and no plasma 
cells are found here, these cells might be considered to be real lymphoblasts or 
reticular lymphocytes, and the eventual synthesis of antibodies in Malpighian 
corpuscles might then be supposed to be coupled with lymphopoiesis. This 
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hypothesis is supported by the finding of antibody in small lymphocytes, which 
seems fairly well established and confirms the observations of Ehrich «.s,, 
Dougherty and White, and Kass on the antibody content of lymphocytes, 
Still the possibility, already mentioned by Ehrich,’® ” **t must be envisaged that 
suspensions of lymphocytes contain cytoplasmic fragments of other cells, e.g. 
immature plasma cells. High antibody content of such fragments could possibly 
be responsible for the antibody found in sediments of such suspensions and in 
this way be wrongly interpreted as antibody present in lymphocytes. It seems, 
therefore, very essential that antibody content of lymphocytes should be 
established beyond any doubt. In view of the apparent inability of lympho- 
cytes to produce antibody, such a finding would logically point to antibody 
formation by immature lymphoid cells during lymphopoiesis, because a 
secondary uptake of immune bodies by lymphocytes seems highly improbable. 
(Ehrich e.s.1% 1) 

In conclusion we can state that the role of immature plasma cells in anti- 
body formation is beyond any doubt; the role of lymphoblasts praper, i.e. dur- 
ing lymphocytogenesis, is still questionable. Further experimental work seems 
necessary in this respect. 

It seems logical, however, that some relation between the two processes, 
plasmacytogenesis and lymphocytogenesis, exists during antibody formation. 
Rich ¢.s.27 demonstrated that the ‘‘acute splenic tumour ecell’’ occuring in acute 
infections, ete., was identical with the lymphoblast in its amoeboid movements. 
Sundberg,®® studying lymphocytogenesis in human lymph nodes, states that 
the reticular lymphocyte (lymphoblast according to our nomenclature) is to 
be considered as the stem cell for both lymphocyte and plasma cell. Recently 
Craddock and Lawrence® found that antibody formation was completely im- 
paired if, previous to the antigen administration, x-ray radiation which destroys 
lymphopoietie tissue was applied to the whole body. If the radiation was done 
three days after the beginning of immunization, a moment when antibody 
production had only just started, this latter process was not at all interfered 
with. This observation suggests that lymphopoietic tissue is essential for anti- 
body formation, but that this process, once started, will go on, notwithstanding 
destruction of lymphopoietie tissue proper. We, for our part, might point to 
the plasma cellular reaction as a possible explanation. 

The exact nature of the relation between lymphocytogenesis and plasma- 
cytogenesis is still obscure, but two hypothetical possibilities are presenting 
themselves. 


The first is that, following administration of antigen, lymphoblastic cells 
during maturation give rise (1) to antibodies and lymphocytes still containing 
some antibody and simultaneously (2) to antibodies and plasma cells containing 
a large amount of antibody. The antibody of lymphocytes will be lost rather 
soon (Ehrich'’ '2), that of plasma cells only very gradually over a very long 
period (Bj¢grneboe*). 


The second hypothetical possibility is that lymphocytogenesis as such 1s 
not involved in antibody production, but that lymphoid stem cells, arising 1 
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great quantities during antigen-stimulated lymphopoiesis, are involved by pro- 
viding cellular material for plasmacytogenesis. These hypotheses are now 
being studied. 

In either case the mature plasma cells of the Marschalko type might be 
expected to play an additional important role, for instance in anamnestic re- 
sponse by providing the cellular material for renewed antibody production. 


SUMMARY 





Rabbits were immunized by three intravenous injections of paratyphoid 
B vaccine. 

One to four days after the last immunizing injection both white and red 
splenic pulp and splenic cell suspensions were found to produce agglutinins 
when explanted in vitro. 

At the height of antibody production in the animal—three to four days— 
red pulp material was found to produce more agglutinin than white pulp. As 
described by Fagraeus, in the red pulp by this time the characteristic aggregates 
of immature lymphoid cells, to be considered as immature plasma cells, were 
always found. 

In splenic cell suspensions, both large, immature lymphoid cells and small 
lymphocytes may have contained agglutinins, but only the former ones were 
capable of synthesizing antibody, as deduced from experiments in which these 
cells were separated by sedimentation. 

The presence of great numbers of these large, immature cells in the charac- 
teristic cell aggregates in the red pulp, together with the high agglutinin 
production found in this latter material, supports the hypothesis that these 
antibodies will be produced in the first instance by immature plasma cells of 
red pulp. 

The occurence of immature lymphoid cells in white pulp where no plasma 
tells are found, together with an apparent production of agglutinin by this 
material in vitro, and a likewise apparent agglutinin content of mature lympho- 
cytes, suggests that lymphoblastic cells of Malpighian corpuscles are also in- 
volved in antibody production to some extent. 

The experiments clearly refute the idea of antibody production by mature 
lymphocytes. 

Possible relationships between lymphocytogenesis and plasmacytogenesis 
are discussed. 
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BACTERIOLOGIC STUDIES OF THE NEWER ANTIBIOTICS: 
EFFECT OF COMBINED DRUGS ON MICROORGANISMS 


SopHir Spicer, M.D., Dr.P.H. 
New York, N. Y. 


N A previous publication! it was shown that the action of penicillin on sensi- 

tive organisms is both inhibitory and destructive. The bactericidal activity 
predominates so that when a sensitive strain is exposed to its influence most of 
the bacterial cells are killed. However, even in high concentrations of the 
drug, there remains a residuum of viable organisms. The character of these 
surviving members is singular in that they remain sensitive to low as well as 
to high concentrations of penicillin, hence large and small amounts of the 
drug have the same inhibitory effect on these organisms. 

The present report concerns, in part, experiments with the newer anti- 
biotics. The aim was to determine whether members in a bacterial population, 
when exposed to the action of these drugs, behave in a manner similar to that 
observed after exposure to penicillin, and if they do not, to find the manner 
in which they differ. 

There is a growing tendency for clinicians to employ combined antibiotics 
in the treatment of infectious diseases, in the anticipation of a more rapid 
elimination of the infecting organism by the combined action of the antibac- 
terial agents. Favorable results have been reported? in the treatment of sub- 
acute bacterial endocarditis with penicillin and streptomycin. Nevertheless, 
information on the simultaneous use of antibiotics in therapeutic practice is 
scanty. Several reports® * ° on in vitro studies with combined antibiotics have 
recently appeared in the literature. Since the results of these experiments 
are diverse in nature, inasmuch as synergistic as well as interfering effects 
were observed, it was considered worth while to make comparative studies, 
using the several bacterial species on hand, with the most important available 
antibiotics. These were used singly and in pairs. The results of these experi- 
ments are presented herewith. 






















MATERIAL AND METHODS 











The organisms used in the experiments were: Streptococcus viridans strains from cases 
of subacute bacterial endocarditis; staphylococci from general septicemias; hemolytic strep- 
tococci from scarlet fever and erysipelas; Klebsiella pneumoniae from pneumonia cases; Hemo- 
philus influenzae from cases of influenzal meningitis; Hemophilus pertussis and pneumococcus 
strains, All were stock strains known not to have been in contact with any of the antibiotic 
drugs, 

Cultures were grown on media most favorable for each of the bacterial strains. Ordinary 
nutrient broth and nutrient agar were sufficient for the K. pnewmoniae and staphylococcus 
strains, Horse blood was used as enrichment for hemolytic streptococcus, pneumococeus, and 
Str. viridans strains. Special media were employed for the more fastidious organisms such 
48 Bordet-Gengou media for H. pertussis and Levinthal’s media for H. influenzae. Good 
growth, typical for each species, was the aim in selecting the different media. 
et 







From the Bureau of Laboratories, New York City Department of Health. 
Received for publication, March 13, 1950. 


183 

















184 SPICER 






The antibiotic drugs* used in the experiments were penicillin, streptomycin, dilydro- 
streptomycin, Chloromycetin, aureomycin, and bacitracin. Crystalline penicillin K was used 
to compare its antibacterial action with that of penicillin G. 

The methods for testing the sensitivity of the bacterial strains to the action of the dif- 
ferent antibiotics and the determination of the numbers of residual viable erganisms were the 
same as those previously reported. In essence they are as follows: Nutrient agar plates are 
seeded with an overnight growth of the culture to be tested by placing 0.2 ml. of the broth 
culture in the center of the plate and spreading it with a wire spreader so that an even, uni- 
form film is produced. The plates are placed in the incubator for fifteen minutes with covers 
tilted for drying. Paper diskst are impregnated with high concentrations of the drugs, gen- 
erally 50 units per milliliter. A sterile pointed forceps is used in handling the disks, Each 
disk is immersed in the drug solution, the excess being drained off against the wall of the tube. 
The disks are carefully placed on the surface of the inoculated plate, four to a plate, one with 
each of three drug dilutions and one with plain broth for control. The following morning 
the zones of inhibition are measured and the paper disks used for residual organisms, as 
follows. With sterile forceps each disk is carefully picked up and each placed into 10 ml. 
of sterile broth. The tubes are well shaken to free the bacteria which adhere to the paper 
disks, The original concentration of the drug is thus diluted tenfold and by plating 1 ml. of 
the washing it is further diluted so that the final concentration in the plate is about one-hun- 
dredth that of the original concentration in the disk, not considering the amount of drug 
If the washing does contain some remaining drug it is in 


which was absorbed by the agar. 
The 


negligible amount and the possibility of its acting on the subculture may be excluded. 
disk washings are then plated on plain agar (without drug) and incubated overnight. The 
following morning the plates are examined, colony counts are made, and the number of residual 
viable organisms thus determined, 

The serial dilution tube method was used to determine the comparative sensitivity of the 
bacterial strains to the antibiotics. Twofold serial dilutions of the drug, using broth as 
diluent, are made in small tubes. The number of tubes set up in a test depends on the range 
of drug concentrations desired, usually twelve. The drug dilutions are contained in 0.5 ml. of 
broth. To each tube 0.5 ml. of a young four-hour culture, diluted to 10-4, is added, giving 


One tube containing culture without drug is added as control. 


a total of 1 ml. in each tube. 
The last clear tube 


The tubes are incubated at 37° C. and are read the following morning. 
in the series containing the least amount of drug which ‘‘inhibits’’ bacterial growth, as judged 
by visual inspection, is regarded as the indicator of the drug sensitivity of the organism tested. 

To find the number of residual viable cells by the tube method, a four-hour undiluted 
culture and a high concentration of drug, usually 50 units per milliliter, were used, After 
overnight incubation in the presence of the antibiotic, the culture was diluted with broth, 
plated, and incubated at 37° C. A colony count was made the following day. 

In addition to the foregoing methods (as previously reported!) the streak plate method 
was used in which the drug was incorporated in the agar before pouring the plates and the 
culture to be tested was streaked with a wire loop. 
RESULTS 

It was found that all the antibiotics tested have one characteristic in 
common, that of leaving a residue of viable organisms when applied to senst- 
tive bacterial strains. However, the size of the residuum varies with the drug, 
as well as with the strain tested. The comparative action of three antibiotics, 
penicillin, bacitracin, and aureomycin, on some gram-positive organisms 18 
shown in Table I. Judging by the number of organisms destroyed and the 
number inhibited from multiplying by each drug, penicillin is more active 
*The antibiotics used in this study were supplied through the courtesy of Parke, Davis 
and Company (Chloromycetin) ; Lederle Laboratories Division, American Cyanamid Company 


(aureomycin) ; Merck & Company, Inc. (dihydrostreptomycin) ; Commercial Solvents Corpora- 
tion (bacitracin) ; and Chas. Pfizer & Company, Inc. (crystalline sodium penicillin K and G). 


7Whatman filter paper No. 2; disk 10 mm. in diameter. 
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TABLE I. COMPARATIVE ACTION OF PENICILLIN, BACITRACIN, AND AUREOMYCIN ON 
GRAM-POSITIVE ORGANISMS; PAPER DISK METHOD 
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than either bacitracin or aureomycin on the strains tested, with bacitracin 
ranging next in potency and aureomycin last. 
of the ‘‘zone of inhibition,’’ which is generally considered an indicator of ac- 
tivity, is not a true index of ‘‘inhibition’’ since aureomyein, which leaves the 
greatest number of viable cells, gives a larger zone of inhibition than either 
penicillin or bacitracin in half the number of strains tested. 

Table II presents a similar summation of results of the comparative 
action of streptomycin, Chloromycetin, and aureomycin on some gram-negative 
bacterial strains. In these experiments actual counts were not made. Instead, 
the amount of growth on the streak plates was recorded as +, +4, +44, and 
+H+ by comparing it with the control plate (drug free) which was considered 
®++++. Again, aureomycin gave a larger zone of inhibition in the majority of 
Strains tested. However, considering the size of residuum of viable organisms 
left by each, Chloromycetin seems to act best on H. pertussis and H. influenzae 
strains, whereas streptomycin appears to be most effective on the K. pnewmoniae 
strains. Aureomycin is least effective since it leaves larger residuums of viable 
organisms in most of the cases. 


ZONE OF RESIDUAL OF ORGANISMS 
INHIBITION VIABLE CARRIED BY PAPER 
(DIAMETER | ORGANISMS DISK WITHOUT 
BACTERIAL STRAIN ANTIBIOTIC UNIT/ML, IN MM.) RECOVERED DRUG 

Str, hemolyticus (98) | Penicillin 50 25 0 1,150,000 
Bacitracin 50 20 100 
Aureomycin 50* 16 8,300 

Str. hemolyticus (2) | Penicillin 50 16 850 1,650,000 
Bacitracin 50 16 900 
Aureomycin 50 21 1,200 

Str. viridans (P) Penicillin 100 16 117,500 1,800,000 
Bacitracin 100 16 114,700 
Aureomycin 100 20 312,000 

Str. viridans (A) Penicillin 50 26 21,700 780,000 
Bacitracin 50 19 160,000 
Aureomycin 50 25 31,200 

Str. viridans (C) Penicillin 50 25 118,000 1,200,000 
Bacitracin 50 16 213,000 
Aureomycin 50 18 333,500 

Str. viridans (8S) Penicillin 100 ay 113,000 980,000 
Bacitracin 100 10 112,000 
Aureomycin 100 18 130,000 

Str. viridans (Fi) Penicillin 50 28 4,600 610,000 
Bacitracin 50 14 5,000 
Aureomyein 50 20 40,000 

Str. viridans (F) Penicillin 50 pepe 3,050 154,000 
Bacitracin 50 16 4,500 
oe ____| Aureomycin 50 23 7,000 

Str. viridans (R) Penicillin 50 14 180,000 2,200,000 
Bacitracin 50 14 210,000 
Aureomycin 50 24 330,000 

Staph. aureus Penicillin 50 24 1,500 1,500,000 
Bacitracin 50 24 1,250 
Aureomycin 50 24 46,000 

*Micrograms per milliliter. 


It ean also be seen that the size 
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While the size of the residuum seems to play a major part in the efficacy of 
a drug as an antibacterial agent, the character of the remaining viable members 
constituting the residuum is of equal importance. 
biotics are not all alike. Penicillin leaves a sizable residuum of viable organisms 









In these respects the anti- 





TABLE II, COMPARATIVE ACTION OF STREPTOMYCIN, CHLOROMYCETIN, AND AUREOMYCIN 
On GRAM-NEGATIVE ORGANISMS; PAPER DISK METHOD 
























































































































ZONE OF EXTENT OF 
INHIBITION | GROWTH OF RE- 
(DIAMETER | SIDUAL VIABLE 
BACTERIAL STRAIN ANTIBIOTIC uG/ML. IN MM.) ORGANISMS CONTROLS 
K, pneumoniae (L) Aureomycin 50 20 ++ +++4 
Streptomycin 50 16 + 
Chloromycetin 50 ee + 
K, pneumoniae (8) Aureomycin 50 21 +++ ++++ 
Streptomycin 50 16 + 
i Chloromycetin 50 i tt a 
K. pneumoniae (H) Aureomycin 50 19 +++ +4+++ 
Streptomycin 50 18 + 
Chloromycetin 50 14 a: 
K, pneumoniae (W) Aureomycin 50 17 aos ripere 
Streptomycin 50 17 + 
Chloromycetin 50 16 + 
K, pneumoniae (M) | Aureomycin 50 19 bet ++4+ 
Streptomycin 50 18 2: 
Chloromycetin 50 Wg ++ 
K, pneumoniae (R) Aureomycin 50 2] ++ nee 
Streptomycin 50 19 - 
Chloromycetin 50 18 4 a 
H, influenzae (250) Aureomycin 50 15 $53: +444 
Streptomycin 50 0 $444 
Chloromycetin 50 28 = a re 
H, influenzae (358) Aureomycin 50 18 a4. +4+4++ 
Streptomycin 50 0 ees 
7 Chloromycetin 50 25 + a ae 
H. pertussis (M-85) Aureomyein 50 992 ea: rae 
Streptomycin 50 27 ++ 
Chloromycetin 50 27 + - 















culture. 









the other members of the bacterial strain. 





These remaining cells, 






when applied to a sensitive strain, especially seen in Str. viridans cultures. How- 
ever, these residual cells are not more resistant to the drug than the rest of the 
members of the bacterial strain. They are equally inhibited from multiplying 
by small as well as large amounts of penicillin, so that small as well as large doses 
have the same effect on these remaining organisms, as previously shown.’ 
Streptomycin, on the other hand, leaves small numbers of residual viable 
organisms when applied to sensitive bacterial strains. 
however, are resistant to the drug, so that on several exposures to the antibiotic 
the strain may become streptomycin resistant. The speed with which this o¢- 
curs seems to depend on the number of resistant members present in the original 
On examining the plates for aureomycin residual growth, in the majority of 
cases they appeared sterile to the naked eye after eighteen hours of incubation. 
When examined under the microscope, however, innumerable microscopic colonies 
could be encountered; these on further incubation developed into colonies of 
normal size. The residual organisms were not more resistant to the drug than 
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Chloromycetin works very much like penicillin on sensitive organisms, 
leaving a residuum which varies in size with the bacterial strain. The remain- 
ing viable organisms are not more resistant to the drug than the rest of the 
members, but differ from them by being capable of withstanding the destruc- 
tive action of the drug, while unable to multiply in its presence. 

Bacitracin residual organisms are equal in character to those of penicillin. 
Dihydrostreptomycin was found to act in every way like streptomycin. 

Bacterial strains which became resistant to streptomycin on several ex- 
posures to this drug also became resistant to dihydrostreptomycin, but re- 
mained sensitive to the other drugs. An effort made to raise the resistance 
of several bacterial strains to penicillin, Chloromycetin, or aureomyein did not 
meet with success. 

The following experiment is an example of the extent to which resistance 
may develop in a bacterial] strain to streptomycin, on a small number of ex- 
posures. A K. pneumoniae strain (L) sensitive to streptomycin was trans- 
planted daily, for ten days, in slowly inereasing concentrations of the drug until 
17 units per milliliter of medium was reached. It was then put on stock (on 
drug-free medium) and transplanted every four weeks. At the end of six months 
it was retested for streptomycin resistance. The resistance was increased 10,000 
fold. The resistance of the strain increased to dihydrostreptomycin to the same 
extent, but not to aureomycin or Chloromyecetin. 


TaBLE IIT, CoMPARATIVE ACTION OF PENICILLINS G AND K oN STAPHYLOCOCCUS, HEMOLYTIC 
STREPTOCOCCUS AND STR. VIRIDANS STRAINS; DILUTION TUBE METHOD 








| FOUR-HOUR CULTURE 
DILUTED TO 10-4 | UNDILUTED 
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RESIDUAL VIABLE 
ORGANISMS RECOV- 
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TABLE LV. Errect ON BACTERIAL STRAINS OF ANTIBIOTICS APPLIED SINGLY AND IN 
Pairs; STREAK PLATE METHOD 








BACTERIAL STRAIN 


ANTIBIOTIC 


UG/ML. 


RESULTS 





ANTIBIOTICS 
USED SINGLY 


ANTIBIOTICS 
USED IN PAIRS 


CONTROLS: 

GROWTH ON 

DRUG-FREE 
MEDIA 





pneumoniae (HH) 


Streptomycin 
Chloromycetin 


1 
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> 





Streptomycin 
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oe 
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+ 





Streptomycin 
Aureomycin 


oe 





. pneumoniae (O) 
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Streptomycin 
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Streptomycin 
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TABLE IV—ConvT’p 








CONTROLS: 
RESULTS 1ROWTH ON 
ANTIBIOTICS | ANTIBIOTICS | DRUG-FREE 
BACTERIAL STRAIN ANTIBIOTIC USED SINGLY | USED IN PAIRS MEDIA 
Penicillin 
Chloromyecetin 
Penicillin 
Aureomycin 
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Streptomycin 
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Chloromycetin stm 
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Streptomycin 5 
Penicillin 0.05 
Chloromycetin 1 
Penicillin 0.05 
Aureomycin 2 
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Streptomycin 5 
Penicillin 0.02 
Chloromycetin 0.5 
Diplocoecus pneu- Penicillin ).02 
moniae VIIT Aureomycin 0.5 
Penicillin 0.02 
Streptomycin 5 
Penicillin 0.1 
Chloromycetin 1 
Penicillin 0.1 
Aureomycin 5 
Penicillin 0.05 
Chloromycetin 3 
Penicillin 0.05 
Aureomycin 5 
Penicillin 0.1 
Chloromycetin 3 
Penicillin 0.1 
Aureomycin 5 
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*Units per milliliter. 


To prove further that the effectiveness of a drug depends largely on the 


relative numbers of bacterial cells killed by it and those capable of escaping its 


destructive action, two types of penicillin, G and K, were tested for the presence 
and relative numbers of residual organisms. Penicillin K has been found to be 
much inferior in its therapeutic action to penicillin G,® ” * although its in vitro 
activity, as tested by the general methods of assay employed today, was found to 
be higher than that of penicillin G.* ° These discrepant findings attracted the 
attention of a number of investigators.'°'* The results of their experiments, 
however, are not conclusive or convincing. Table III contains a summary of 
comparative tests which show the relative action of the two drugs on the 
exposed organisms when the residuum of viable bacteria of each was deter- 
mined, The number of residual viable cells left after exposure to equal con- 
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centrations of the drugs was invariably greater in the case of penicillin K than 
in that of penicillin G. This, evidently, is a true representation of the activity 
of each drug since it parallels their effect in vivo. 

An analysis of Table IV will show that the combined effect of two anti- 
biotics on a bacterial strain may be one of four types, namely: synergistic, 
additive, interfering, or indifferent. Without generalizing, it may be said 
that when two drugs, to which a bacterial strain is sensitive, are combined, the 
effect on the organisms may be additive or synergistic. If an antibiotic to 
which the bacterial strain is only moderately sensitive is combined with one of 
high activity, the action of the latter may be impeded or may remain the same 
as if used alone. 

The synergistic effect on organisms by combined drugs may be accounted 
for, when we assume that one drug in the mixture is capable of destroying 
the residual viable organisms left by the other. Likewise, the interfering 
effect of one drug on another may be explained by the fact that if an organism 
is resistant to an antibiotic it can be stimulated to greater growth by it. When 
such a drug is used in combination with an active drug it may lower the action 


on the organisms of the latter. 


DISCUSSION 


Eagle” in a recent publication stated that in every species studied he found 
viable organisms after exposure of the bacteria to penicillin. The results of the 
foregoing experiments indicate that this is true of other antibiotics now in use, 
namely, aureomycin, Chloromycetin, streptomycin, dihydrostreptomycin, and 
bacitracin. When we stop to consider that in any bacterial population there 
may be a heterogeneity of individuals just as there is in a population of other 
living organisms, and that individual members may differ in their ability to 
withstand unfavorable environments, the finding of viable organisms after ex- 
posure to the antibiotic agent is not at all surprising. That antibiotics operate 
in vivo as they do in vitro, in this respect, can be seen from clinical observations. 
No matter how spectacular the initial response of the patient to the drug, the 
administration of the antibiotic has to be continued for a time or a relapse may 
occur. The initial doses evidently destroy most of the bacteria, when the bac- 
terial strain is sensitive to the drug. The subsequent doses keep the residual 
organisms from multiplying until the host’s own defense mechanism takes over 
the task of clearing up the remaining infection. 

Assuming that two given antibiotics have a complementary effect in their 
action on an infecting bacterial strain, in that one acts on the remaining viable 
organisms which the other is incapable of destroying, then it seems theoretically 
possible to eliminate all the infecting bacteria on the initial administration of 
such a pair of antibiotics, without having to depend on the patient’s defense 
mechanism. Such therapy would be especially valuable in cases now treated 
with streptomycin alone, in which resistance to the drug develops rapidly, and 
in cases where prolonged treatment with a drug is necessitated. 
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While one antibiotic may complement another in its action on sensitive or- 
ganisms, it may also impede the action of the other, if not properly chosen. It 
can thus be seen how important it is to test the offending organism for sensi- 
tivity to the drugs before applying them simultaneously. 


SUMMARY 


A study has been made of the in vitro effect of aureomycin, Chloromycetin, 
streptomycin, dihydrostreptomycin, penicillin, and bacitracin on bacterial strains 
of several species. 

Results indicate a destructive action by each antibiotic studied on the ma- 
jority of organisms in a sensitive strain. 

The residual viable organisms differ, as to numbers and character, with the 
antibiotic and the bacterial strain tested. 

The effect of antibiotics used in pairs may be one of four types, namely, 
synergistic, additive, interfering, or indifferent, depending on the particular 
combination of drugs for a given bacteria] strain. 


The technical assistance of Mrs. Gloria Fivush is gratefully acknowledged. 
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METABOLISM AND EXCRETION OF ALKALINE PHOSPHATASE: 
RELATION TO LIVER FUNCTION AND DETERMINATION OF 
MAXIMAL SECRETORY RATES OF LIVER 


Harry H. LeVeeNn, M.D., Lester J. TacsBot, M.D.,* Marte Restucct, B.S., 
AND J. ROLAND BaRBERIO, M.D. 
NEw York, N. Y. 


INTRODUCTION 


one alkaline phosphataset is related in some way to liver function is ac- 
cepted by most clinicians and experimental workers. Disagreement has been 
apparent in the clinical literature regarding the value of an elevated serum 
phosphatase level as an indicator of biliary obstruction. Although the metab- 
olism and excretion of phosphatase are poorly understood, it is believed to be 
excreted by the liver.! Past attempts to study adequately its excretion in bile 
have failed because animals and human beings with biliary fistulas soon develop 
bromsulfalein retention and a spontaneous elevation of serum phosphatase.” * 
The only reliable evidence comes indirectly from the fact that obstruction to the 
common bile duct in dogs or human beings produces an elevation in serum 
phosphatase. Even partial obstruction, produced by ligating a hepatic duct in 
dogs, is sufficient to raise the concentration of phosphatase in the serum without 
hyperbilirubinemia.* In addition, hepatectomy in the dog causes a rise in serum 
phosphatase.* © Evidence that the liver alone controls the level of serum 
phosphatase because it is the main excretory organ is, as yet, inconclusive.’ 

There is no evidence which supports the thesis that phosphatase is catabo- 
lized in the body to an inactive substance. The fact that it rises in obstructive 
jaundice and in certain bone diseases presupposes that relatively little is so 
metabolized, destroyed, or conjugated to an inactive state. Freeman and Chen’ 
injected normal dogs with serum of jaundiced dogs (containing high phos- 
phatase values) and noted a.rise in the serum phosphatase of the recipient dog. 
The exact mechanism of disappearance was not studied, but others* * have shown 
that the disappearance of this type of phosphatase cannot be accounted for by 
biliary excretion. 

Since so little is known about the exact site of phosphatase excretion, it is 
understandable that the dynamics of the excretory mechanism are not at all 
understood. The work of Drill and co-workers* implies that the blood level of 
phosphatase probably determines its concentration in bile. This suggests that 
simple filtration may be the excretory mechanism involved. So long as the 
underlying physiologic processes are not clearly understood, clinopathologic and 
experimental observations are difficult to interpret. 


From the Department of Surgery, New York University College of Medicine. 
Received for publication, April 5, 1950. 

* Deceased. 

+All mention of phosphatase in this paper refers only to alkaline phosphatase. 


192 





(1) 


*) ) 


saat 
its 
dy1 
rea 
exp 
on | 


ject 
it v 
of j 
ade 


by a 
after 
on © 
The 
pH ¢ 
or ¢li 


Durir 
occas 
color: 
with 

buffe: 
tissue 
termi 
itself, 


metho 
mon d 
Withor 
elevat 
] 
tarow. 
acid e 
were j 
globin 
times 

operat: 
an ex] 
prolon; 
| 
before 
biopsy 
After 

quantit 
Concent 


METABOLISM AND EXCRETION OF ALKALINE PHOSPHATASE 193 


An understanding of the normal physiology of phosphatase would imply: 
(1) a definite knowledge of the origin and production rates of serum phosphatase; 
(2) whether or not it is metabolized; (3) which organ or organs are involved in 
its excretion; (4) which cells of the organ are so implicated; (5) what are the 
dynamics of the excretory mechanism; (6) a knowledge of all the biochemical 
reactions in which phosphatase plays a role; (7) its structural formula. The 
experimental approach in this paper has been designed to give some information 
on several of these aspects. 

Phosphatase extracted from calves’ duodenal mucosa was intravenously in- 
jected into dogs. Because of the magnitude of the injected dose of phosphatase, 
it was easily traced and the site and mechanism of excretion and some aspects 
of its metabolism could be determined. The size of the injected dose served 
adequately as a tracing mechanism. 


MATERIALS AND METHODS 


The phosphatase used in this study was extracted from calves’ duodenum and purified 
by a method similar to that described by Schmidt and Thannhauser.1o A buffered solution 
after passage through a Seitz filter was found to be pyrogen free and no growth occurred 
on culture. The sterile solutions were sealed in vials and activity was determined before use. 
The activity was usually in the range of 75 to 100 Bodansky units per cubic centimeter at 
pH 9.1. The solution was repeatedly injected into many dogs and rabbits without pathologie 
or clinical evidence of acute or chronic toxicity. 


Phosphatase was determined by Bodansky’s method!1 as modified by Gomori.12, 1% 
During the determination of alkaline phosphatase on undiluted bile, a fine cloudy precipitate 


occasionally developed upon addition of molybdate reagent which interfered with the 
colorimetric reading. This was overcome by precipitating the trichloracetie acid filtrate 
with a 1/1000 aqueous Zephiran solution and refiltering or by diluting the bile 1 to 10 with 
buffer solution before determination. In those instances when phosphatase was determined on 
tissues, the tissue was homogenized with pH 8.8 buffer in a small tissue homogenizer. De- 
terminations were made on the centrifuged supernatant and in some cases on the homogenate 
itself. 

Following cholecystectomy, duodenal fistulas were created in dogs according to the 
method of Thomas.14 Accurate collections of bile were obtained by cannulation of the com- 
mon duct through the papilla of Vater. Such dogs have been observed for as long as two years 
without evidence of liver damage or the development of spontaneous serum phosphatase 
elevation and bromsulfalein retention. 

Bromsulfalein excretion of all the dogs was normal according to the criteria of Can- 
tarow.15 In addition, liver function of all dogs was normal with regard to biliary cholic 
acid excretion, blood levels of phosphatase, bilirubin, total proteins, and A/G ratios. All dogs 
were in apparent health, in good nutritional state, and had maintained their weight and hemo- 
globin values. Plasma volumes and total blood volumes were determined on all dogs several 
times in the course of several months. No experiment was done before eight weeks of post- 
Operative observation. (Hematocrit values were obtained several times during the course of 
an experiment.) Infusions or food and fluid by mouth were administered in the course of 
prolonged experiments. 

In one set of experiments, liver assays for phosphatase were made on normal dogs 
before and after injection with phosphatase. Under light ether anesthesia, a 3 gram liver 
biopsy was taken, using Gelfoam for hemostasis. Following biopsy, phosphatase was injected. 
After return of blood phosphatase values to normal, the dog was sacrificed. The total 
quantity of phosphatase present in the liver could be determined from pre- and postinjection 
concentrations and the liver weight. Observation and insoluble protein nitrogen determina- 
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tions confirmed the absence of appreciable changes in weight of the liver from the time of 
the first biopsy to the time of the last biopsy.16 In two experiments, portions of the liver 
biopsies before and after phosphatase injections were utilized for tissue phosphatase stains.i7 


RESULTS 
Blood and Bile Phosphatase Levels After Injection of Phosphatase.—The 
normal levels of phosphatase in our dogs ranged from 3.5 to 7.5 Bodansky units 


per 100 ¢.c. in serum and from 5 to 15 Bodansky units in bile. Many of the 
dogs totaled approximately 20 units of phosphatase in the circulating plasma. 
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: Fig. 1.—The values for blood and bile phosphatase before and after the intravenous injec- 
tion of phosphatase are shown. Points represented on all the graphs are the average of three 
separate determinations. 


It was decided therefore to inject a dose of approximately 200 units which would 
increase the total circulating quantity by approximately ten times. Eight such 
experiments were performed, the results were all replicas of each other. Figs. 1, 
2, and 3 are samples of such experiments. Since phosphatase is a protein, one 
might expect that it would not diffuse past capillary barriers. Since the pre- 
existing blood volumes and plasma concentrations of phosphatase were known 
in each dog, the theoretically expected blood peak could be calculated. Such 
theoretical blood peaks were never obtained. Rapid removal from the circula- 
tion, therefore, occurs during the process of mixing. The elevated serum phos- 
phatase levels usually return to normal within one and one-half hours following 
injection. 
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Bile collections in cubic centimeters are shown at the bottom of the Figs. 1, 
2, and 3. The bile levels of phosphatase reach values ten times higher than those 
for blood. They remain markedly elevated (charted levels have been divided 
by 10 to reduce the scale) for periods as long as ninety-six hours later. Only a 
very small fraction of the injected dose had been recovered in the secreted bile, 
when serum levels had already returned to normal. Apparently, therefore, the 
phosphatase had been removed by some organ before being excreted. 
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; Fig. 2.—The values for blood phosphatase before and after injection of phosphatase are 
illustrated. In this dog, the bile flow was more profuse, and the bile phosphatase values were 
somewhat lower than those illustrated in Fig. 1 


Immediately after injection of some early phosphatase preparation, a 
mild degree of peripheral vasomotor collapse occurred with a slight rise in the 
hematocrit. This transitory effect strikingly reduced the volume of bile 
secreted in this interval without altering the excreted quantity of phosphatase. 
A secondary peak in the bile levels usually occurred the following day. It 
can be seen that although the phosphatase values in bile were elevated there 
was no uniformity in the heights that the concentrations reached and con- 
siderable variation occurred even though the levels were elevated for forty- 
eight to ninety-six hours. 

Bile phosphatase levels were seen to be independent of serum phosphatase 
values which seems to suggest that the phosphatase was not filtered into the 
bile but actively secreted, Also, we had noticed that concentrations of bile 
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phosphatase were apparently inversely proportional] to the volume of secretion, 
or mathematically stated: V xC = K, where 




















K = A eonstant 
V = Volume (in cubic centimeters) of bile flow per unit time, and 
C = Coneentration of phosphatase. 
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Fig. 3.—The bile and blood levels of phosphatase before and after the intravenous injection 
of phosphatase are shown. Notice the wide dissociation of blood and bile values. The blood 
eral lala U. per 100 c.c. while the bile value remains in the region of 200 U. per 
In other words, the total amount of phosphatase excreted per unit time 
was constant. Verification of this impression would explain the observed 
variations in biliary phosphatase concentrations, since the extent of concentra- 
tion would be without significance, and the total quantity excreted would be- 
come the only important consideration. 

Results from these experiments could not be plotted to show phosphatase 
output per unit time. Because of the large dead space in the bile ducts and 
eannula compared with the relatively small amount collected, other more 
accurate experiments became mandatory. 

Phosphatase Balance Experiments.—Was this apparent formula for secre- 
tion by the liver (V x © = K) valid? Injected phosphatase failed to appear in 
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the urine and bile phosphatase values had remained elevated for a prolonged 
period. Did this mean that the total injected dose of phosphatase was eventually 


secreted by the liver, or was part of it metabolized? 
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time. 
secretion (Lm). 
tion varied widely dependng upon the rate of bile flow. 
entire injected dose had been excreted. 


Two prepared dogs were again injected with a larger dose of phosphatase 
and collections of bile were made for a period of sixty hours at which time the 
Bile collections were made into a 


bile phosphatase level had fallen to normal. 
thin latex rubber bag containing pI 8.8 buffer.* 


Fig, 4 illustrates such an experiment on the total output of phosphatase 
The slow excre- 


during a sixty-hour interval following intravenous injection. 


—_—_————. 


*It was necessary to dilute the bile immediately with buffer to prevent any loss of phos- 


phatase activity, 
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Fig. 4.—The total biliary excretion of intravenously injected phosphatase is plotted against 
Notice the linear portion of the curve which represents the maximal rate of phosphatase 
It can be seen that during this linear interval, biliary phosphatase concentra- 
The excretory rate leveled off after the 
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tory rate prior to injection is apparent. This is followed by a rapid linear 
phase until the entire injected dose is excreted, at which time the rate of exere- 
tion falls off to preinjection values. Since the entire injected dose has been re- 
covered none was metabolized. Also BV x C = K = 5.9 units per hour. Wide 
variations which occurred in the phosphatase concentration during this linear 
excretory period did not cause variations in the total amount excreted and were 
caused by variations in bile flow. The other experiment was a replica of that 
illustrated in Fig. 4. 
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free of phloridzin. Dialysis of bile specimens obtained before injection did not produce a 
similar increase in concentration values. It is probable that the injected dose of phloridzin 
was too small to produce complete inhibition of phosphatase excretion. That a striking inhibi- 
tion occurs, however, is evident from the chart. 

Inhibition of Maximal Phosphatase Secretion.—Sinee phloridzin inhibits 
phosphatase activity,’* the effect of phloridzinization on the secretion of in- 
jected phosphatase was studied on one of our duodenal fistula preparations. 

After a control collection of bile, a 10 kilogram dog was given 200 units 
of phosphatase intravenously. When the period of maximal linear secretion 
had been established, 1 Gm. of phloridzin in sodium bicarbonate solution was 
injected subcutaneously. Upon the establishment of phloridzinization (as evi- 
denced by glycosuria), the phosphatase concentration fell from 170 units to 
zero in the collected bile. After eight hours, the effect of phloridzin had 
worn off and phosphatase secretion in the bile was resumed, Fig. 5. 

That this finding was not merely the result of an inhibition of secreted 
phosphatase by the action of phloridzin was verified by attempting to release 
the enzyme in the secreted bile. Phloridzin can be separated from a phlorid- 
zin-phosphatase mixture by dialysis.!? Several samples of bile collected both 
before and after phloridzinization were dialyzed for forty-eight hours against 
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running water. Although small increase in enzyme activity resulted, enzyme 
secretion during the period of phloridzinization was strikingly depressed 
(Fig. 5). It is possible that our phloridzinization was incomplete since com- 
plete inhibition of blood phosphatase did not occur. 

Phosphatase Storage in Inver.—The prompt return of serum phosphatase 
concentrations to preinjection values prior to biliary excretion suggested that 
the liver had stored the injected material in the interim. 

The total quantity of liver phosphatase was determined from biopsies 
before and after injection of phosphatase. Table I gives the total liver con- 
tent of phosphatase before injection and two and one-half hours after injee- 
tion at which time the blood levels had returned to normal. The injected dose 
which had been removed from the blood was accounted for by the increase in 
liver phosphatase. 

One experiment differed from the others by the fact that phosphatase de- 
terminations were done on the homogenate of the whole tissue rather than on 
the centrifuged supernatant. This experiment is marked by an asterisk in 
Table I. (The values differed considerably from those determined on the 
supernatant.) In this experiment, a portion of the tissue was taken for phos- 
phatase stains. Microscopie examination showed that the polygonal cells 
of the liver were the recipients of the determined increase in phosphatase. 
The phosphatase was concentrated mainly in that portion of the liver cells 
which was adjacent to the bile canaliculi and the small bile ducts contained 
high concentrations of phosphatase. The reticuloendothelial cells in the liver 
although stained before and after phosphatase determinations were obviously 
not responsible for the phosphatase removal and storage by the liver. 


TABLE I. THE LIVER ASSAYS FOR PHOSPHATASE BEFORE AND AFTER INTRAVENOUS INJECTION 
OF PHOSPHATASE ARE TABULATED. WITHIN THE RANGE OF EXPERIMENTAL ERROR, THE 
GAIN IN LIVER PHOSPHATASE CLOSELY APPROXIMATES THE SIZE OF THE INJECTED 
Dose. ON DoG 462, THE ENTIRE HOMOGENATE WAS TAKEN FOR DETERMINATION. 

ON THIS DoG, PHOSPHATASE TISSUE STAINS WERE DONE 


LIVER TOTAL UNITS TOTAL UNITS 
UNITS WEIGHT | BEFORE AFTER TOTAL GAINS 
DOG INJECTED (GM.) INJECTION | INJECTION | BY LIVER 
549 : 172 260 238 422 184 
551 99 370 157 240 83 
434 250 305 138 442 304 
*462 3,300 270: 1,383 5,014 3,631 


Blockade of Reticuloendothelial System.—The prolonged elevation of serum 
bromsulfalein following the intravenous injection of this substance into dogs 
with reticuloendothelial system blockage illustrated the importance of the 
reticuloendothelial system in removing the bromsulfalein from the serum.’® 
This observation suggested that blockage of the reticuloendothelial system 
prior to the injection of phosphatase might prolong the duration of an ele- 
vated serum phosphatase level. The reticuloendothelial cells of three healthy 
dogs were blocked by the injection of India ink into a systemic vein.’® This 
reticuloendothelial blockade failed to prolong the duration of the elevated 
phosphatase levels following phosphatase injection. 
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Although negative results in this type of experiment do not have the 
critical value of positive findings, this plus the evidence from tissue stains 
indicates that the reticuloendothelial system does not play an important role 


in the removal of phosphatase from the serum of normal animals. 
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Fig. 6.—The total biliary excretion of phosphatase in a dog with bromsulfalein retention 
and spontaneous elevation of serum phosphatase is illustrated. The linear phase of secretion 
is identical to that seen in Fig. 4 

Excretion of Phosphatase by Dog With Impaired Liver Function.—One of 
our duodenal fistula dogs developed bromsulfalein retention and an elevated 
serum phosphatase level. This condition has been observed with the usual 
biliary fistula.* * In this dog there was no evident impairment of liver secre- 
tory function following the injection of phosphatase (Fig. 6). Total output 
of phosphatase per unit time was constant, with the maximal rate of excretion 
almost identical to that of a normal dog. 

The biliary excretion of phosphatase was studied in one dog immediately 
following the surgical extirpation of the gall bladder and the formation of a 
biliary fistula by the insertion of a Polythene tube into the common duct. 
This animal continued to secrete phosphatase (ig. 7) at a maximal rate long 
after the initially injected dose had been secreted. This dog also showed 
no evidence of impaired secretion, but rather that excess phosphatase was 
somewhere being manufactured and excreted by the liver. 
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Intestinal Absorption of Phosphatase.—Since phosphatase is not destroyed 
by trypsin,’® a possibility remained that some biliary phosphatase might be re- 
absorbed from the small intestines. 
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_ Fig. 7.—The total biliary excretion of phosphatase in a dog with an acute bilary fistula is 
depicted. Notice that the excretory rate is constant even though biliary phosphatase concen- 
trations vary. Also, notice that this animal continued to excrete phosphatase at a maximal 
rate long after the injected doses had been excreted. This animal was therefore producing and 
excreting an excess of phosphatase, 


Phosphatase was introduced into the distal duodenum in three different 
dogs with duodenal fistula. In two there was a rise in the output of biliary 
phosphatase unaccompanied by a rise in blood systemic phosphatase. Fig. 8 
depicts one such result. No change was observed in the third animal. No at- 
tempt was made to ascertain what fraction of the administered dose was re- 
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absorbed by the intestines. The degree of reabsorption was variable. In 
addition, the phosphatase may have been partially inactivated by secreted 
gastric hydrochloric acid since the neutralizing effect of bile was lost during 
the periods of bile collection. 


INTESTINAL ABSORBTION STUDY 
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Fig. 8.—The blood and bile concentrations of phosphatase are plotted against time. 
After instillation of phosphatase into the distal duodenum, a rise occurred in the biliary con- 
centration of phosphatase, Since there was no rise in the concentration of phosphatase in the 
systemic blood, the liver immediately removed this substance from the portal blood. 


DISCUSSION 


Evidence has been presented which shows that phosphatase is secreted 
by hepatic cells in a manner analogous to the renal excretion of Diodrast. 
It is delivered into bile at a constant rate when the secretory ceiling is reached. 
In this respect, the experiments reported are similar to the Tm technique used 
in renal function experiments for caleulating maximal tubular reabsorption 
(glucose Tm) or secretion rates (Diodrast Tm). The bile fluid into which 
the phosphatase is delivered is similar to a glomerular filtrate since the specific 
gravity of all bile samples is 1.010 and the rate of bile flow decreases strik- 
ingly with changes in hemodynamics with a concomitant increase in bile phos- 
phatase concentration. This effect on bile flow and phosphatase concentra- 
tion was especially noticeable with mild shock which occasionally followed 
the intravenous injection of one phosphatase solution. When the secretory 
ceiling is reached, variations in biliary phosphatase concentrations were caused 
by alterations in the rate of bile flow. Since phosphatase is secreted in the 
bile, its concentration there is independent of the blood concentration. 
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Because secretory phenomena are activated by enzyme systems two pos- 
sible explanations of the observed secretory mechanism may be offered. 
Hither phosphatase (itself an enzyme) must have a specific enzyme concerned 
with its secretion, or the substrates for phosphatase action themselves carry 
out the role. If a specific enzyme is concerned, it must combine with the phos- 
phatase on one side of the cell membrane and dissociate from it on the other. 
The existence of a special specific enzyme seems unreasonable when one con- 
siders that phosphatase may be combined with substrate (such as hexose phos- 
phate) on one side of the cell membrane and be dissociated from it on the 
other side. The limiting factor in the secretory ceiling for phosphatase there- 
fore would be the quantity of substrate contained in the secreting cell. Par- 
tial confirmation of this thesis is found in the fact that phosphatase secretion 
is inhibited in the phloridzinized dog. In renal physiology one measures the 
maximal effect of a fixed amount of enzyme on an excess of substrate; in the 
work cited the maximal effect of enzyme on a fixed amount of substrate would 
be measured. 

The Lm (maximum secretory rate) in most dogs is approximately 6 units 
per hour; since the serum enzyme concentration is in the region of 6 units per 
100 ¢.¢., 100 ¢.c. of plasma can be maximally cleared in one hour. However, 
a small portion of this secreted phosphatase may be reabsorbed by the gas- 
trointestinal tract. Since but little is metabolized, the ability of the liver to 
store large amounts of phosphatase prior to excretion prevents wide fluctua- 
tion of serum phosphatase concentrations. We have been unable to determine 
the liver storage ceiling for phosphatase. When this saturation point is 
reached, blood levels may rise if quantities in excess of the Lm are produced. 

The reticuloendothelial system apparently plays no role in the removal of 
phosphatase from the serum as it does in the case of bromsulfalein.!® Serum 
phosphatase levels rise in hepatectomized animals®® when the liver is no 
longer present to remove this enzyme. On the other hand, injected brom- 
sulfalein disappears at a constant rate in hepatectomized animals.”° It is pos- 
sible that the disappearance of injected phosphatase from the blood stream 
might be utilized to measure liver blood flow. At present, bromsulfalein is so 
used.?! 

Elevation of serum phosphatase, often seen in animals with biliary 
fistulas, is not caused by an inability of the liver to secrete phosphatase. 
This is evidenced by a study on two animals. In both of these animals, the 
liver was able to secrete phosphatase at the same rate which occurred in nor- 
mal animals. The cause for the phosphatase elevation seen in biliary fistulas 
cannot therefore be explained on the basis of nonsecretion. Because the total 
daily quantity of phosphatase excreted into the bile of a normal dog is so 
small, it seems unlikely that simple retention could account for the high 
serum phosphatase level which occurs so shortly after obstruction of the com- 
mon bile duct. In addition, transfusion into normal dogs of serum with seem- 
ingly high phosphatase values, obtained from dogs with obstructive jaundice, 
‘auses prolonged increase in the serum phosphatase concentration of the re- 
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cipient animal without increased biliary phosphatase excretion.® ® Such ex- 


periments do not indicate that normal serum phosphatase is not excreted by 
the liver but rather that an activator of normal phosphatase is present in the 
serum when biliary obstruction exists.* 7? — 

A possibility exists that our intestinal phosphatase behaves differently 
from normal serum phosphatase. The work of Flock?* has demonstrated the 
importance of intestinal phosphatase in maintaining the normal serum levels 
of rats. The same may be true for the dog since hepatectomy causes a rise 
in serum phosphatase but hepatectomy plus removal of the intestines does 
not.° Also chemical studies indicate there is only one alkaline phosphatase”! 
with the exception of that phosphatase acting on 5 nucleotide.2*> For these 
reasons, we believe the phosphatase used in this study behaves similarly to 
normal] serum phosphatase. 

We have not fully investigated the possibility of injected phosphatase 
as a liver function test in man because some of our material is somewhat toxic 
when given intravenously. One human subject, however, was injected with 
700 units of alkaline phosphatase. His blood level rose similarly to the rise 
observed in the dog and promptly fell to normal ranges two hours following 
the injection. No biliary specimens were obtained from this patient. It is 
possible that the injection of more purified preparations than ours may prove 
to be valuable in the study of liver diseases. 


SUMMARY AND CONCLUSIONS 


The intravenous injection of alkaline phosphatase extracted from calves’ 
duodenum has made possible a study of its metabolism and excretion in dogs. 
The phosphatase is rapidly removed from the circulating blood by the liver 
which secretes the material over a longer period. Evidence is presented to 
show that the secretory dynamics for liver cells are similar to those seen in 
renal tubules. Despite wide fluctuations in biliary phosphatase concentra- 
tions, the injected material appears in the bile at a constant rate showing that 
a maximal secretory ceiling (Im) is reached. Phosphatase is not ecatabolized 
or inactivated, and the injeced doses can he fully recovered in the bile. A 
small portion of the secreted biliary phosphatase is reabsorbed in the intes- 
tines. A theory for phosphatase secretion and the regulation of serum phos- 
phatase levels has been offered. The elevated serum phosphatase levels seen 
in cases of biliary fistulas are not caused by nonsecretion of phosphatase by 
the liver. 

The possibilities of utilizing this method in studying various types of liver 
diseases are discussed briefly. Approaches for future investigations of this 
nature are indicated. 

The authors express their gratitude to Dr. Richard Gobey for his aid in extracting 
the phosphatase, to Dr. James Ahern for extracting the phosphatase used in the initial part 


of the study, and to Dr. A. Angrist for his help in the preparation of the manuscript. We 
are indebted to Dr. Gerrit Bevelander for the phosphatase tissue stains. 
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ACUTE DISSEMINATED LUPUS ERYTHEMATOSUS 


Report or A Case TREATED WirH ApRENOCORTICOTROPIC HorMONE (ACTH), 
Wirn CLINICAL AND METABOLIC OBSERVATIONS AND AUTOPSY FINDINGS 


Rosert L. Wuiperie, Jr., M.D., AND JouHN K. Davinson III, M.D. 
ATLANTA, GA. 


ENCH, Kendall, Slocumb, and Polley’? have shown by their dramatic dis- 

covery that compound E and the pituitary adrenocorticotropic hormone are 
effective in the treatment of rheumatoid arthritis and rheumatic fever. Because 
the morphologic expressions of these diseases and disseminated lupus erythemato- 
sus are similar,*»* studies and observations were made on a patient with dis- 
seminated lupus erythematosus treated with the adrenocorticotropie hormone 
of the anterior pituitary. 


MATERIAL AND METHOD 


The patient was given ACTH* intramuscularly in a dosage of 25 mg. dissolved in 1] 
c.c. normal saline every six hours for nine days and then every twelve hours for two days. 
The daily diet contained 2,000 calories, with 70 Gm. protein and a sodium content of 200 
milligrams. Fluid content of the diet was 2,400 ¢.c. and was administered by Levine tube 
in amounts of 200 ¢.c. every two hours. This diet was begun ten days prior to the admin- 
istration of ACTH. ‘Three days prior to ACTH administration, 6 Gm. sodium chloride 
were added to the diet and this was continued during the treatment and posttreatment 
period. 

The patient had a three-day control period previous to the administration of ACTH, 
and a control period of five days following the cessation of ACTH. All determinations 
were made on blood samples withdrawn at 8:00 a.M. each day. Approximately 60 c.c. blood 
were required for chemical and hematologic studies, The patient received 25 mg. ACTH at 
8:00 a.M., 2:00 p.M., 8:00 p.M., and 2:00 a.M. for the first nine days and at 8:00 A.M. and 
8:00 p.m. for the last two days. The urine was collected in twenty-four hour specimens from 
8:00 a.m. to 8:00 a.M. by indwelling catheter. The chemical analyses on blood and urine were 
done according to published methods.5-19 The serum and urine sodium and potassium were 
determined by the Perkin-Elmer internal standard flame photometer. 


CASE REPORT AND OBSERVATIONS 


Patient L. B. F. was a 54-year-old white female textile worker, Her previous health had 
been good. She had a normal menopause in 1943, In January, 1948, she began to suffer 
attacks of joint pains. These became more frequent and more severe and were associated 
with fever and sore throat. She was first admitted to Emory University Hospital for study 
on Feb. 6, 1949. At that time she appeared chronically ill and experienced pain on motion of 
nearly all joints. The wrist and knee joints were slightly swollen and there was fusiform 
swelling of the proximal interphalangeal and metacarpophalangeal joints with ulnar deviation 
of the fingers. Pain on movement of temporomandibular joints was also present. saboratory 
studies showed an elevated sedimentation rate, moderate anemia, a low normal leucocyte count, 
persistent albuminuria, and a microscopic hematuria, The patient remained in the hospital 
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*The ACTH used in this study was supplied by Dr. John R. Mote, Armour Laboratories, 
Chicago, Ill. 
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until March 9. Muscle biopsy (gastrocnemius) was normal. During most of that time there 
was a low-grade fever and on one occasion there was a temperature elevation to 103° F. 
The clinical impression was rheumatoid arthritis with a possibility of disseminated lupus 
erythematosus, 


Following discharge from the hospital the patient gradually became worse, fever con- 
tinued, and by May she was confined to bed. During the latter part of June there was an epi- 
sode of jaundice and vomiting lasting approximately two weeks. The patient was readmitted 
to the hospital on July 15. Physical examination at this time revealed a temperature of 
103° F., pulse rate 130, respiratory rate 32, and blood pressure 130/84. She was poorly 
nourished, chronically ill, and in acute distress, anxious and apprehensive, and she complained 
bitterly of pain with movement of any type or character. The skin was thin and inelastic and 
did not wrinkle easily. A 1 by 1 em, erythematous maculopapular lesion with an elevated 
periphery and a slightly depressed center on the right forearm and two similar lesions on the 
posterior thorax were present. The skin was sallow in appearance. The hair was black with 
some graying and a fine, light-brown, soft, lanugo-like hair was seen on the face and upper 
lip. Diminished resonance over the lower half of the lungs posteriorly and laterally was 
elicited, and over this same area tubular breath sounds and egophony were heard. <A few fine 
moist rales were audible at both lung bases. The heart was normal in size with a rapid regular 
rhythm, There were no murmurs. There was a generalized abdominal tenderness, more 
marked in the right abdomen and in the right upper quadrant. The liver dullness was per- 
cussed three fingerbreadths below the costal margin. The spleen was not enlarged. Pain on 
motion of all joints with moderate limitation of motion and stiffness of fingers, wrists, knees, 
elbows, ankles, hips, and shoulders was present. The entire musculature of the body was 
atrophic and wasted in appearance and had a ‘‘doughy’’ feeling and was painful to pressure. 
There were no subcutaneous nodules, The neurological examination was physiologic. 

On July 21 a pericardial friction rub was heard. On July 22 continuous oxygen was 
started because the respiratory rate had increased to 50 per minute, and the patient was given 
500 ¢.c. citrated blood. She developed hemorrhagic herpes of the lips, lasting two weeks, A 
muscle biopsy (gastrocnemius), taken on July 26, was reported as normal, The site of biopsy 
healed rapidly. On July 27, she became icteric and two days later the icterus index was 21 and 
the bilirubin was 2.4 mg. per cent, falling to 6 and 1 mg. per cent respectively, August 6. 
On July 27, 123 ¢.c. of deep yellow serous fluid were removed from the left chest. It was trans- 
lucent but’ tended to clot. The specific gravity was 1.012, and there were 788 white cells, 90 
per cent polys and 10 per cent lymphocytes. The total protein was 1.7 Gm. per 100 cubic centi- 
meters. Culture was negative. On July 28, pitting edema of the pretibial and presacral areas 
appeared, 

Because of anorexia and the patient’s complaint of pain on swallowing, tube feedings 
by Levine tube were begun on August 4. On August 12, she developed a 2 by 2 em, red in- 
durated area on the lateral portion of the right arm at the site of a hypodermic injection. 
This became fluctuant and was incised and drained on August 27, and approximately 4 c.c. 
of yellowish purulent material were present. Rapid healing occurred within a period of seven 
days. On August 22, the patient began to note marked deafness and inability to see. On 
August 25, a muscle biopsy was taken from the gastrocnemius muscle and was reported as he- 
ing consistent with the diagnosis of lupus erythematosus, 


EFFECT OF ACTH 


On August 26, ACTH was begun in a dosage of 25 mg. every six hours 
intramuscularly. The next day a precipitous drop in the patient’s temperature 
occurred and the temperature did not become elevated above 98.8° F. until the 
second day after cessation of ACTH administration (Fig. 1). With the drop in 
temperature, the patient had a sense of well-being which she had not experi- 
enced for eight months. Muscle and joint pains continued until August 28. On 
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August 29, she stated that she felt much stronger and was demanding food for 
the first time since admission. The muscle, joint, and abdominal pains subsided 
completely. The vision was clear but the auditory disturbance remained. She 
appeared alert and bright-eyed. The respiratory rate had decreased to 30 per 
minute and nasal oxygen was discontinued. On September 1, the patient was 
able to smile and showed marked mental improvement, and complaints were 
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Fig. 1.—The temperature curve before, during, and after ACTH therapy. 


minimal except for reference to the Levine tube and indwelling catheter. Hear- 
ing was normal. The mucous membranes appeared pinker. The liver had 
receded to one fingerbreadth below the costal margin and was only slightly 
tender. The nutritive state appeared improved and the pitting edema had 
cleared. Sutures from the biopsy incision were removed, and there was normal 
healing of the wound. ACTH administration was stopped on Sept. 5, 1949. By 
this time a deepening in pigmentation of the skin was noted, the face was oily, 
and the lanugo-like hair of the face had increased in length and amount and was 
noted to be darker. This gradually disappeared within three weeks. Even 
though temperature elevation returned two days after the cessation of ACTH, 
the patient was improved and physiotherapy was begun. She felt stronger, at- 
tempted all exercises actively, had no pain with extreme motions, and was able 
to walk with assistance by September 25. This continued until October 4, when 
she developed sore throat, anorexia, nausea, and abdominal, muscular, and joint 
pains. 
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On September 17, eleven days after the last dose of ACTH, a muscle biopsy 
showed degenerating skeletal muscle fibers which in areas were small and 
atrophic. Seattered throughout the muscle fibers were bundles of fibrous 
tissue and areas of hemorrhage. There was internal thickening of some of 
the arterioles with small hyalin material projecting into the lumen. Chronic 
inflammatory cells were seen. This biopsy was similar in appearance to the one 
taken on August 25. 

A chest film made July 20 revealed the heart and mediastinum to be normal 
in appearance, and a diffuse haziness was present over both lower lung fields, 
which had the appearance of a small amount of pleural fluid. A portable film 
made on August 23, three days before ACTH administration, showed increase in 
the pleural effusion. On September 23, x-ray showed a moderate diminution of 
the right pleural effusion and a marked diminution of the left pleural effusion. 
On October 31, a reaccumulation of the bilateral effusion was evident by x-ray. 

Electrocardiogram on July 20 was normal. On July 25, changes consistent 
with an acute pericarditis appeared. On August 25, the day prior to adminis- 
tration of ACTH, the same changes were present. On September 9, three days 
after cessation of ACTH, electrocardiographie signs of pericarditis persisted, 
but there was an increase in the amplitude of the complexes and the T waves 
were more deeply inverted in the precordial leads. These were interpreted as 
being due to the subacute phase of pericarditis. Electrocardiograms were re- 
peated at frequent intervals and these changes were evident until the last elec- 
trocardiogram taken ten days prior to death. The pericardial friction rub which 
had been present disappeared on the third day of ACTH administration and did 
not reappear. 

The blood pressure of the patient before and after ACTH administration 
averaged 130 systolic and 80 diastolic. Daily blood pressure readings during 
ACTH administration averaged 150 systolic and 90 diastolic. 

Three days prior to administration of ACTH, the total protein was 3.00 Gm, 
per 100 ¢.c. with an albumin of 0.80 Gm. per 100 ¢.¢. and a globulin of 2.20 Gm. 
per 100 cubic centimeters. Five days after beginning ACTH, the total protein 
was 5.00 Gm. per 100 ¢.e. with an albumin of 2.63 Gm. per 100 ¢.c. and a globulin 
of 2.37 Gm. per 100 cubic centimeters. Nine days after cessation of ACTH the 
total protein was 5.05 Gm. per 100 ¢.c. with an albumin of 1.72 Gm. per 100 e.c. 
and a globulin of 3.3 Gm. per 100 cubic centimeters. Sixteen days after cessation 
of ACTH, total serum protein was 5.30 Gm. per 100 ¢.c,. with an albumin of 
2.25 Gm. per 100 ¢.c. and a globulin of 3.06 Gm. per 100 cubic centimeters. 

Urinalysis prior to and during ACTH administration showed a constant 
albuminuria and microscopic hematuria and it was not until twenty-three days 
after the cessation of ACTH that the urine became free of albumin and red 
blood cells, and this continued until relapse on October 4. It is interesting to 
note that at no time until relapse did pyuria occur, even though the patient had 
an indwelling catheter for twenty days or more. 

The most striking changes in the laboratory studies were the hematologic 
changes (Figs. 2 and 3). The reticulocyte count (Fig. 2), which averaged 2.7 
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per cent during the control period, abruptly rose to 10.9 per cent on the fifth 
day of ACTH therapy, reached 16.8 per cent on the ninth day, fell to 7.6 per 
cent on the fifth posttreatment day, and remained around 6 per cent for the 
subsequent five days. There was a rise in the hemoglobin concent ration of almost 
2.0 Gm. per cent by the eighth day of ACTH therapy. This rise was well main- 
tained throughout the remainder of the study despite the fact that about 1,320 
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Fig. 2.—Reticulocyte count before, during, and after ACTH therapy. 
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Fig. 3.—Hematologic studies before, during, and after ACTH therapy. 


e.c. of blood were withdrawn for analyses. Twenty-four days after cessation of 
ACTH, the hemoglobin reached its maximum level of 9.8 Gm. per cent. The 
hematocrit values paralleled those of the hemoglobin, rising from 21 per cent 
when ACTH was begun to a peak of 31 per cent twenty-four days after cessation 
of ACTH therapy. The sedimentation rate fell from control values of about 
140 mm. per hour to 80 mm. per hour by the sixth day of ACTH therapy. Be- 
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ginning two days after the cessation of ACTH, the sedimentation rate rapidly 
returned to pretreatment levels. The total white blood count which had risen 
to about 16,000 even before ACTH was begun remained at approximately this 
level throughout the period of administration of ACTH. With the cessation of 
ACTH the white blood count returned to about 7,000. After relapse, the patient 
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Fig, 4.—Study of blood chemical constituents before, during, and after ACTH administration. 


had a white count of 3,500 to 5,000 per cubic millimeter, Even though leucocy- 
tosis was present prior to ACTH, less than 2 per cent metamyelocytes were 
present. After ACTH was started, metamyelocytes ranged from 4 to 10 per 
cent and on occasions myelocytes were present in the peripheral blood. The 
lymphocyte ratio prior to ACTH administration averaged 13 per cent and dur- 
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ing ACTH administration averaged 18 per cent with a peak of 21 per cent. The 
total eosinophile count, which averaged only 15 per cubic millimeter immedi- 
ately prior to ACTH, was depressed during treatment to an average of 5 per 
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There was a moderate increase in blood cholesterol and sugar and a slight 
increase in uric acid. There. was no significant change in sodium, chlorides, 
potassium, calcium, phosphorus, nonprotein nitrogen, or creatinine (Fig. 4). 

Urinary studies (Fig. 5) showed an initial retention of sodium, chloride, 
and potassium, with a diuresis occurring on the eighth day of ACTH therapy. 
There was an increase in 17 ketosteroid and uric acid excretion and no significant 
change in the excretion of total nitrogen or phosphorus. 

The patient’s course after ACTH was steadily downhill, with return of all 
previous symptoms and the development of a diffuse coalescing erythematous 
maculopapular eruption showing areas of purpura and necrosis. Biopsy of the 
skin lesion was compatible with the diagnosis of lupus erythematosus. Lesions 
of the mucous membranes consisting of whitish plaques surrounded by a red 
halo appeared. The patient, two and one-half months after the last dose of 
ACTH, was cachectic, severely ill, and presented the mental state of a toxie 
psychosis. There developed on the posterior thorax and sacral area large 
decubitus ulcers with necrotic and gangrenous edges. The skin rash about 
December 1 rapidly changed in a period of a few days to a coalescing brownish 
macular area with flaking of the skin. These areas were widespread over the 
thorax, abdomen, and extremities. Hair which was black became a light brown. 
The patient complained bitterly of all symptoms as recorded in the pretreatment 
period. She gradually became stuporous and then comatose for a period of 
about two weeks and died Dee. 21, 1949. 


Autopsy.—The principal findings were those of disseminated lupus erythematosus, 
There was an extensive verrucous endocarditis of the Libman-Sacks type, involving the 
mitral and tricuspid valves, papillary muscles of both right and left ventricles, and the 
left atrium. There was an adhesive pericarditis, fibrous pleural and peritoneal adhesions, 
and a few renal glomerular lesions of the type described in this disease. The typical find- 
ings in striated muscle were also present although inactive at the time of autopsy. 

Post-mortem cultures of both lung and heart bleod grew Bacillus pyocyaneus. Massive 
bronchopneumonia with abscess formation, possibly due to B. pyocyaneus, was present. 

Associated findings were a moderate degree of arteriosclerosis and arteriolar sclerosis, 
multiple areas of infarction of the spleen, and an early but definite Laénnec’s cirrhosis 
of the liver. 

The adrenal glands weighed 14.5 Gm. together. Microscopically, Figs. 6A and 6B, 
the most striking findings were a marked degree of hyperplasia of the zona fasciculata 
and the zona reticularis of the cortex and marked atrophy of the zona glomerulosa. These 
changes were very clearly demonstrated in sections stained for reticulum. The changes 
were diffuse and involved all of the adrenal tissue shown in the sections. In addition, two 
old areas of infarction were noted. Both of these were rounded areas involving the zona 
fasciculata. These foci showed a complete loss of cortical cells and replacement by a loose 
connective tissue. Several small areas of apparent acute degeneration also were seen. 
Here there was a deep eosinophilia of the cortical cells with pyknosis of nuclei and slight 
inflammatory cell infiltration. No definite vascular lesions could be demonstrated to be 
associated with these areas of infarction and degeneration, The medulla did not appear 
remarkable, although there were multiple foci of chronic inflammatory cell infiltration. 
This infiltration occasionally extended into the zona reticularis of the cortex. 
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Fig. 6A.—Adrenal cortex showing marked hyperplasia of zona fasciculata and atrophy of zona 
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DISCUSSION 


The clinical response of this patient was most dramatic, with a fall in tem- 
perature to normal, a sense of well-being, subsidence of muscular and joint pains, 
return of appetite with demand for food, and a reversal of a steadily downhill 
course. This improvement was maintained throughout the period of ACTH 
administration, but within twenty-four hours after cessation of ACTH there 
was beginning evidence of clinical relapse as noted by a beginning elevation of 
temperature to pretreatment levels. Relapse was not complete, however, until 
approximately one month after treatment, and it was at this time that the pa- 
ient noted a return of the pretreatment symptoms. The response of this patient 
corresponds to that reported by Thorn”? and his group and others.”! 22. The most 
striking effects noted in the laboratory were the hematologic changes. The 
reticulocyte count, which averaged 2.7 per cent during the control period, 
reached a high level of 16.8 per cent on the ninth day of treatment and fell to 
7.6 per cent on the sixth posttreatment day, remaining at 6.0 per cent for five 
more days. There was a rise in hemoglobin concentration of almost 2 Gm. per 
cent, which was well maintained despite the fact that over 1,320 ¢.c. of blood 
were withdrawn. The total white blood count, which had risen to 16,000 per 
cubic millimeter even before ACTH, remained at approximately this level 
throughout the period of administration and with cessation returned to and 
remained around 7,000 per cubic centimeter. The total eosinophile count was 
lower during the pretreatment period than during the posttreatment period. 
The low initial total eosinophile count and leucocytosis may have been due in 
whole or in part to the subeutaneous abscess which developed at the site of an 
old hypodermic injection. Thorn’s”® belief that the low eosinophile count in 
lupus erythematosus is due to bone marrow hypoplasia is not confirmed by the 
initial leacocytosis and reticulocytosis which this patient presented. The patient 
had been maintained on 200 mg. sodium and a 2,000 calorie diet for seven days 
prior to the three-day pretreatment control period. During the three-day pre- 
treatment control period, 6 Gm. sodium chloride were added to the daily diet 
and this was continued during the treatment and posttreatment control period. 
The low urinary excretion of sodium remained depressed during the first seven 
days of ACTH, but during the last four days of administration there was an 
escape with the daily sodium exeretion being above normal. Then twenty-four 
hours after ACTH was discontinued sodium excretion again fell for four days 
before returning to high values. Urine chloride excretion behaved like sodium. 
The urine potassium, which was initially low, rose by the third day of ACTH 
administration to 17.75 meq. per liter with a peak level on the eighth day. On 
the second day after cessation of ACTH the excretion of potassium dropped to 
pretreatment levels. These levels paralleled the fluid output. 

The clinical story of this patient, during the early course of the disease, had 
features of the other so-called collagenous diseases, namely, rheumatoid arthritis 
and rheumatic fever. This patient is also unusual in that she was in the post- 
menopausal group. Repeated muscle and skin biopsies after ACTH adminis- 
tration confirmed the diagnosis of disseminated lupus erythematosus. The 
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muscle biopsies, even though dramatic clinical improvement had been initiated 
by ACTH, showed no change in the morphologic picture before or after treat- 
ment with ACTH. The basic pathologie picture was not altered, and after re- 
lapse occurred, widespread skin and mucous membrane lesions of disseminated 
lupus erythematosus appeared. The skin lesions never involved the face, and 
prior to treatment were few in number and evanescent. The administration of 
ACTH certainly prolonged the life of this patient but in no way altered the 
pathologie picture and ultimate course. 

The changes found in the adrenal glands at autopsy, though remarkable, 
cannot be directly related to ACTH therapy, since there was a period of more 
than three months intervening between cessation of treatment and death. 


CONCLUSIONS 
A case report of a patient with disseminated lupus erythematosus treated ‘ 
with ACTH, with detailed clinical and metabolic studies and autopsy findings, 
is presented. 
ACTH stimulation of the adrenal cortex occurred with an apparent increase 
in cortical hormone, which produced dramatic clinical and hematologic improve- 
ment in a postmenopausal patient with disseminated lupus erythematosus. 





The morphologic expression and the ultimate course of the disease were not 
changed by ACTH therapy. 


The authors wish to thank Dr. George T. Lewis and Dr, Arthur J. Merrill for making 
available the facilities in their laboratories. Miss Lillian Winship, Miss Vicky Alexander, 


and Mrs. Georgia James gave technical assistance. 
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THE DISTRIBUTION OF THIOPENTAL IN THE CENTRAL 
NERVOUS SYSTEM 


THEODORE F, Hupparp, M.D.,* anp Leo R. GotpBaum, M.S. 
WASHINGTON, D. C. 


EESER and Keeser’ studied the distribution of barbiturates in the brain of 

dogs by the injection of complex iron salts of barbituric acid derivatives. 
They reported that by means of microscopic examination or microsublimation 
they found the golden-yellow barbiturate crystals in the thalamus and corpus 
striatum, but not in other areas of the brain. However, with the injection of 
large quantities they could recover the barbiturate from all parts of the brain. 
Koppanyi and co-workers,” * using a colorimetric method, found the barbiturates 
(barbital, phenobarbital, and pentobarbital) in about equal concentration in 
various parts of the brain regardless of dose or barbiturate used. 


Purves-Stewart and Wilcox‘ reported that with high doses of barbiturates 
there was a high concentration of these compounds in the cerebrospinal fluid. 
Kozelka and Tatum’ found only small concentrations of barbiturate in the spinal 
fluid of dogs and man after therapeutic doses. 


The development by Goldbaum® 7 of an accurate method for the determina- 
tion of barbiturates in tissues suggested the advisability of quantitatively rein- 
vestigating these problems. 


METHOD 


Preliminary determinations of the barbiturate concentration in different areas of the 
brains of dogs given various doses of thiopental indicated that there was a brain distribu- 
tion pattern and the primary determinant seemed to be the plasma concentration of the 
drug. To test these findings, several groups of dogs were analyzed; the animals in each 
group were to have the same thiopental plasma concentration (within 10 per cent) at the 
time of sacrifice, but all were to have received the drug by different routes or in different 
doses. It was necessary to estimate the size of dose to be used in each dog to produce a 
given plasma level after a certain period of time. Because of the variability in the rate 
of disappearance of the drug from the plasma, many dogs were used to obtain four groups 
of three animals, satisfying the above criteria, from which the data herein presented were 
obtained. The plasma samples were drawn from the heart and the animals simultaneously 
were sacrificed by the intracardial injection of air. The entire brain and the lower cervical 
cord and lumbar cord were removed immediately after death, Samples from different areas 
of the brain, cervical and lumbar cord, plasma and spinal fluid were analyzed for bar- 
biturate content immediately after removal by the method of Goldbaum.®,7 In most cases 
duplicate samples were taken from each area. 


From the Department of Basic Science and the Department of Chemistry and Physics, 
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HUBBARD AND GOLDBAUM 


RESULTS 
Table I shows the thiopental concentrations in various areas of the central 
nervous system obtained in twelve dogs given the drug intravenously or intra- 
venously or intraperitoneally in different doses. The plasma concentrations 
obtained in the three dogs within each group were in agreement within the range 
of error of the method of the determination (10 per cent). Ninety per cent of 
the values for a particular brain area within each group were within 10 per cent 

























































































250 
200 
O — THALAMUS 
© — CEREBRAL CORTEX —_— 
B— MEDULLA ) 
175 ©— CERVICAL CORD O—— 
Q-—LUMBAR CORD 
@— SPINAL FLUID 
150 ae 
) 
TISSUE eens 
LEVEL 
Hong 125 4 
— 
0 : 
100 7 “ Pa 
PA he 
75 As 
6 
50 = = 
25 
a ae 
fe) a 
Ce) 25 50 75 100 125 150 175 200 225 250 


PLASMA LEVEL ygm/mli 


=: oe 


Fig. 1.—The relation between plasma level and the concentration of thiopental in areas of the 
central nervous system of the dog. Arrows indicate average values for three dogs. 
of the mean value obtained from three dogs for that area. However, the dif- 
ference between groups in mean thiopental concentrations in plasma or in a 
given area of brain were all statistically significant (p= < .05). Thus the con- 
centration of thiopental in a given area of the brain appears to be a function of 
the plasma concentration of the drug and is independent of route of administra- 
tion or time after injection (within the range of time intervals used) and is 
influenced by the size of dose of thiopental only in so far as it affects the plasma 
concentration. 
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In Group I, in which the mean plasma concentration was 17 pg per cubic cen- 
timeter, there were no significant differences in the barbiturate levels among the 
various areas of the brain studied. However, with increasing plasma concentra- 
tions (Groups II, III, and IV) increasing differences were manifest throughout 
the central nervous system. A gradient was observed in the cord and brain stem, 
with the concentration of the barbiturate increasing from lumbar cord to cervi- 
cal cord and from cervical cord to medulla and pons. The concentrations of 
thiopental in medulla and pons did not differ significantly from each other 
(p = > .05) but were consistently lower than the concentrations in the 
cerebral peduncles and higher than the concentrations in the internal capsule. 
In the central nuclear areas the frontal, occipital, parietal, and cerebellar 
cortices showed no significant differences in their concentrations of thiopental. 
These areas in turn did not differ significantly from the concentrations in the 
caudate nucleus and hypothalamus. All these nuclear areas had concentrations 
higher than the medulla but lower than the cerebral peduncles. 

The highest levels of thiopental in the central nervous system were found in 
the thalamus, while the lowest concentrations were found in the spinal fluid. 
The spinal fluid concentrations increased linearly with increase in plasma level, 
and averaged about 10 per cent of the plasma concentration. 

Fig. 1 shows the relation between plasma level and the concentration of 
thiopental in certain areas of the central nervous system based on the data 
obtained from nineteen dogs. Tow dogs given pentobarbital showed distribution 
patterns in the central nervous system similar to those obtained with thiopental. 


DISCUSSION 


It has been amply demonstrated that different anatomic regions of the brain 
and cord show marked differences in their chemical composition, enzyme content, 
and rate of utilization of essential metabolites. Although exactly comparable 
data are not available, certain parallels can be shown between the distribution 
of thiopental in various areas of the dog brain and the metabolic activities of 
these areas. Several workers have observed a general rostral increase in the in 
vitro rate of oxygen consumption in various areas of the dog brain and cord,* ° 
and these relative rates are similar to the relative distribution patterns of thio- 
pental with high plasma concentrations of the drug, although these workers 
found the rate of oxygen consumption higher in the cortex than in the thalamus. 
Ashby’? found an increase in carbonic anhydrase content of the human brain 
With rostral progression. The content of the thalamus was found to be higher 
than that of the cortex. Barsoum™ also found the acetylcholine content of 
thalamus to be higher than that of other areas of the brain studied in human 
beings and dogs. The finding of the highest brain barbiturate concentrations in 
the thalamus is interesting in that some investigators, as a result of electrical 
studies, have proposed that barbiturates act by blocking conduction in the 
thalamus.'? 3% Since no differences were found in the in vitro depression of 
respiration in various areas of the brain,’* it should follow that the area with 
the highest concentration of the barbiturate in vivo should show the greatest 
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depression of respiration. These findings do not support the contention of a 
specific sleep center since sedation was apparent at plasma levels below which 
there were no differences in concentration of the drug within the brain. 


We have been unable to determine the factors responsible for the differen- 
tial distribution of thiopental in the brain and cord. It would appear that the 
thiopental in the spinal fluid represents an ultrafiltrate of the plasma, since the 
values obtained were similar to those found in ultrafiltrates prepared from the 
plasma samples of these dogs. 


SUMMARY 


At low plasma levels there were no significant differences in the thiopental 
concentration in various areas of the brain and cord. At higher plasma levels of 
thiopental (above 17 ng per cubic centimeter), increasing differences were found 
in various areas of the brain and cord. The highest concentrations were in the 
thalamus and the lowest in the lumbar cord. 

These distribution patterns were directly related to the plasma concentra- 
tion of the drug and were dependent upon route of administration, dose, and 
time after injection only in so far as they affected the plasma level. 

The spinal fluid concentration of thiopental was lower than that in any 
area in the brain and cord. The concentration rose almost linearly with increas- 
ing plasma concentration and averaged about 10 per cent of the plasma level. 


ADDENDUM 


Since this paper was submitted, Maynert and Van Dyke!5 have reported that barbital 
is not localized in the areas of the central nervous system that they investigated. This is 
not surprising since barbital does not concentrate in any tissues of the body but tends to 
distribute in the body water. On the contrary, thiopental and pentobarbital do concentrate 
in many tissues, including the brain. Therefore, we would expect a minimum of localization 
with barbital and a maximum with those barbiturates like thiopental and pentobarbital which 
concentrate intracellularly. 
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THE DIURETIC ACTION OF A COUMARIN-MERCURIAL COMPOUND 


SHEPARD SHapiro, M.D., AaNpb Murray WEINER, M.D. 
New York, N. Y. 


INCE the introduction of the original organic mercurial diuretic merbaphen 

in 1920,' several other compounds, which are clinically more satisfactory, 
have become available. All of these are mercurated allyl amides of dicarboxylic 
acids, generally administered with theophylline. The organic residue to which 
the allylamide group is attached may be of the aliphatie type or of the benzene 
type. These are shown in Fig. 1. 

All of these compounds have in common the mereurated amido group, 
-CONH-CH,CH(HgOH) CH,OCH,, and are administered in conjunction 
with theophylline, either as a compound or as a mixture. Whether the ear- 
bamido group has a bearing on the reputed instability of the products, at least 
in the preparative stages, is beyond the scope of this report. The diuretic action 
of these compounds is principally due to the action of mercury, released from 
the compound at a slower rate than from calomel, which at one time was used 
to obtain diuresis. While no definite information is available today regarding 
the part the organic residue plays in producing diuresis, this factor cannot be 
entirely disregarded. Occasionally free mercury is present in the solution, and 
this may be questioned as a source of toxicity after intravenous administration. 
The mechanism of action of mercurial diuretics is still obscure and has been 
treated at length elsewhere.” 

Notable differences appear on parenteral administration. Mercurophylline 
(Mereuzanthin), mersalyl (Salyrgan), and Esidrone are administered intra- 
venously because of the local irritation produced on intramuscular injection. 
Meralluride (Mereuhydrin) is frequently administered intramuscularly and has 
heen reported to have a greater local tolerance, but this question is a difficult one 
to assay.” Since most reported deaths from mercurial diuretics have resulted 
from intravenous injection, a compound capable of producing a clinically effec- 
tive diuresis following intramuscular administration is preferable to those which 
must be given intravenously. 

This report deals with the investigation of a new type of organic mereury 
compound for its diuretic action. The compound, still in the experimental stage, 
is designated by a code number, EN 564.* 


MATERIAL AND METHOD 


The mercuri-component of EN 564 [8-(2’-oxymercuri,3’-methoxy) propyleoumarin-3- 
carboxylic acid. theophylline| has the structural formula: 


4\ /\—coont 


—O 
of 
CH,CH (HgOH)CH,OCH, 


From the Third (New York University) Division Goldwater Memorial Hospital, Welfare 
Island, and the Department of Medicine, New York University, College of Medicine. 

Received for publication, April 13, 1950. 

*IEN 564 is now designated Cumertilin, brand of mercumatilin. 
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EN 564 differs structurally from the currently available cyclic mercurial diuretics in 
three important respects: it contains a bicyclic heterocyclic ring; the carboxyl group and the 
mercurated allyl grouping are not on the same ring as in the case of mersalyl, mercurophylline, 
and Esidrone; it differs from all of the foregoing compounds in the attachment of the mer- 
curated allyl grouping to a carbon atom instead of to a nitrogen atom. Thus, the mercurated 
amido group -CONHCH, (HgOH) CH,OCH, of the older type of mercurial is replaced by 
the -C-CH,CH(HgOH) CH,OCH, group. EN 564 is represented as requiring less prolonged 
periods of aging in the preparation of injection solutions than those now available.4 This 
appears to be correlated with the greater stability of injection solutions and allows for a 
more selective range of pH in preparing injection solutions. 

















COOH 
CH; 
(CHs)p Mercurophylline ) 
O0CH,COOH 
YF Mersaly1 
COOH PCONHICHCHCH OCH, 
LP HgOH 
Vf Esidrone* 
OOH. 
CH»CH,CONH J 
Mercuhydrin 
Fis. 1. 


*This product does not appear to be marketed at the present time. The formulations are 
presented to bring out structural similarities and differences. The theophy!line component of 
the molecule is omitted. 


EN 564 was made available to us in 2 ml. ampulest containing 278 mg. of the mereury- 
theophylline compound with a slight excess of theophylline. Hach cubic centimeter provided 
the quivalent of 38 mg. of mereury and 50 mg. of theophylline, as a compound of the mer- 
curial and theophylline. The initial trials were made with a solution having a pH of 8.3; 
the later trials with a solution of pH 7.25. <A test with sodium sulfide solution (N.N.R. 1949, 
p. 635) indicated that the solution was free of ionizable mercury. Solutions of KN 564 appear 
to be stable at body temperature. 

It will be noted that the new compound is a derivative of coumarin, but it does not 
meet structural requirements outlined by Link® for hypoprothrombinemia-inducing activity. 
Nevertheless, prothrombin estimations were made to determine this possibility. The results 
confirmed the anticipated absence of hypoprothrombinemia-inducing activity. 

Diuretic studies of mercurial compounds carried out on animals yield information of 
limited value. An unequivocal determination of the usefulness of a diuretic can be obtained 
only by a study of the relief of edema in man. Hence we proceeded with cautious trials to 
test the diuretic efficacy of the new compound on human subjects with edema, since the 
toxicologic data indicated an order of toxicity no greater or possibly less than that of the 
available mercurial diuretics.6 After the early trials showed that the solution was readily 
tolerated, a more extended study was undertaken. 

In the evaluation of mercurial diuretics, three major factors enter into consideration. 
These are (1) effectiveness as a diuretic, (2) local and systemic toxicity and tolerance, and 
(3) uniformity and chemical stability of the product. 

In order to determine the usefulness of the new diuretic, its effects were compared 
with those of Mercuhydrin, a preparation advocated for intramuscular injection. 


. tAmpules of EN 564 were furnished by Dr. Samuel M. Gordon of Endo Products Inc., 
Richmond meu, WN. Y¥. 
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The subjects participating in this study were all hospitalized, chronically ill patients 
and were on a stabilized routine of Mercuhydrin therapy, which they required to help control 
edema, ascites, or both. They included patients with chronic heart disease (rheumatic, 
arteriosclerotic, hypertensive, and syphilitic), cirrhosis of the liver, and renal disease. After 
a period of observation of response to the formerly used mercurial, the new mercurial was 
given, All injections were given intramuscularly in an identical manner. Each patient in 
this group received from two to twenty injections of EN 564 interspersed with injections 
of Mercuhydrin. At least two days were allowed to elapse following the use of the drug 
before the other was substituted. New patients who had not previously received a mercurial 
or who had been given inadequate doses of mercurials usually showed the most marked 
response to either mercurial preparation, but were excluded from this study because of the 
difficulty in properly evaluating comparative responses at diffierent times. 

Since patients with massive edema are expected to give much more marked 
responses to the first injection of a mercurial diuretic than to subsequent injec- 
tions, it seemed not proper to use these same patients for comparative study. 
There is no reason to believe that the mechanism of mercurial diuresis is dif- 
ferent in the chronically treated from that in the previously untreated edematous 
patient. Consequently, a comparison of the effect of different diuretics on the 
same subjects can best be made with chronically controlled rather than acutely 
edematous patients. The stabilized subjects here used did not show as marked 
loss of weight in response to each mercurial injection as did previously untreated 
patients with edema. However, they serve as a more severe test of the useful- 
ness of a mercurial and permit a more valid comparison of results. 


I 


TABLE 








AVERAGE WEIGHT LOSS IN POUNDS FROM 











PATIENT DIAGNOSIS EN 564 MERCUHYDRIN 
] ASHD 1.75 1.25 
2 Cor pulmonale 1.25 0.75 
3 ASHD 340 5 
4 H and ASHD 5.6 4.5 
5 Glomerulonephritis 8.25 3 
6 RHD ] 0.5 
7 H and ASHD 6 34 
s SHD 2 2 
y Cirrhosis 2.5 i 
10 ASHD 0 0.5 
1] Cirrhosis 1.5 0 
12 H and ASHD 2 2.5 
13 SHD 2.5 0.5 
14 ASHD 2.5 2 
15 ASHD 1 0.5 
16 Cirrhosis 2 0 
17 Cirrhosis 4 
18 H and ASHD 3 
19 RHD 3 

53. 
Average 2. 








ASHD, Arteriosclerotic heart disease. 
H and ASHD, Hypertensive and arteriosclerotic heart disease. 

RHD, Rheumatic heart disease. 

SHD, Syphilitic heart disease. 

Cirrhosis, Cirrhosis of the liver. 

All patients were chronically ill with edema of long standing. Patients 9, 11, 16, and 
17 had portal cirrhosis, ascites, and peripheral edema. In every case mercurial diuretic was 
administered to control fluid accumulation. All patients were stabilized and their respective 
responses to Mercuhydrin were previously and concurrently determined before the new diuretic 
was administered. 












DIURETIC ACTION OF A COUMARIN-MERCURIAL COMPOUND 


RESULTS 

One hundred and five intramuscular injections of 2 ¢.c. EN 564 were given 
to nineteen stabilized patients whose response to Mercuhydrin was previously 
and concurrently determined. 

The average response of each individual patient to the standard as ecom- 
pared with the new preparation was determined by averaging the maximum fall 
in weight within a forty-eight hour period following each injection. These 
average individual responses (Table 1) were then averaged as a group. In 
these nineteen patients, 2 ml. of Mercuhydrin gave an average weight loss of 
1.9 lbs. + 1.1, while the same patients lost an average of 2.8 Ibs. + 1.3 when 
given 2 ¢.c. EN 564 intramuscularly. 
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Fig. 2. 


Statistical analysis of the correlated data yielded a ‘‘t’’ value* of 2.9 for 
the difference in response to the two preparations. This is equivalent to a proba- 
bility of about 1 in 100 that this difference is due to chance alone, indicating 
that the greater average diuresis resulting from EN 564 is of significance. 

In two subjects, the twenty-four hour urinary output was followed over 
a period of several weeks. The excretion of one of these subjects is summarized 
in Fig. 2. It demonstrates that EN 564 resulted in a urinary output which 
compared favorably with that obtained with Mereuhydrin. All subjects who 
responded to Mereuhydrin responded to EN 564. 


; *The mean difference and the standard error of the mean were calculated, and the 
value for t was determined by the formula 


\ where o — 
mx yas 


_.. Treloar, Alan E.: fandom Sampling Distribution, Minneapolis, 1942, Burgess Pub- 
lishing Company. 
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Two patients consistently failed to lose weight following Mereuhydrin but 
uniformly responded to EN 564 with a moderate diuresis. One of these was a 
patient with generalized anasarea related to carcinomatosis. Without diuretics, 


the patient’s daily urinary output rarely exceeded 1,000 milliliters. She was 
then given 2 ml. Mereuhydrin intramuscularly every fourth day for eight doses, 
The diuretic response to the first five of these varied from 1,400 to 2,000 ml. 
in twenty-four hours. The last three Mereuhydrin injections failed to yield 
more than 1,000 ml. in twenty-four hours. The patient was then given 2 ml. 
EN 564 intramuscularly every fourth day for twenty doses. The twenty-four 
hour response varied from 1,700 to 3,400 ml., averaging 2,200 milliliters. Two 
doses of Mereuhydrin interposed during this latter period again failed to result 
in diuresis.* We are aware that this case in itself does not show the greater 
efficacy of EN 564, since individual variations in response to different mercurials 
have been noted previously. However, the pattern was sufficiently striking to 
be recorded. 

The reasons for excluding acutely edematous, untreated patients from the 
study series have been discussed. However, it should be recorded that these 
patients give excellent diuretic response to EN 564. We have noted as much 
as 16 pounds of weight lost following one dose (2.0 ml.) of KN 564 in pre- 
viously untreated patients. Some subjects develop excellent diuresis following 
smaller doses (1.0 ml.). 

Systemic Toxricity.—Throughout the entire course of the study there were 
no subjective or objective evidences of systemic toxicity. Urinary examination 
before and after administration of the new mercurial vielded no new instances 
of, or significant changes in, albumin, casts, or cells. The xanthine derivatives, 
in large doses, have been shown to cause hyperprothrombinemia in some animals. 
Since this preparation contains both a xanthine group and a coumarin-like 
group, it was deemed advisable to study the prothrombin response to this drug. 
The prothrombin time of whole and diluted (12.5) plasma was estimated in 
eight patients before and after single and repeated doses of the new mercurial.’ 
No instance of significant change in prothrombin time was detected. 

Blood urea nitrogen and red and white blood cell counts were determined 
in a selected number of cases before and after the mercurial was administered. 
No significant change was noted. One patient who was in uremia was given 
two injections of EN 564 three days apart. He failed to develop a diuresis 
and continued on a downhill clinical course. There was no reason to suspect 
that the mercurial altered his clinical course. 

Local Toxicity.—The evaluation of local irritation following intramuscular 
injection is a difficult problem. Tests on animals are not adequate. Early in 
our study we used a preparation of higher pH than the one now available. This 
earlier preparation was consistently irritating, and there were two instances of 
objective evidences of local irritation. The greater number of injections were 
made with a preparation of pH 7.3. This preparation evoked the usual degree 


: *This patient was not included in the statistical analysis, since daily weight determina- 
tion could not be made. 
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of variability in subjective responses to injection. No objective signs of irrita- 
tion were noted other than a small palpable nodule in one instance. By and 
large, it is our impression that EN 564 is somewhat less painful than Mercu- 
hydrin. Two alert patients have come to recognize the different appearance of 
the two preparations and have expressed preference for EN 564. 


SUMMARY 


EN 564, a new mercurial diuretic, is a chemically stable preparation. Ani- 
mal toxicity studies show it to be no more toxic than the commonly used organic 
mercurial diuretics. It is prepared at a nearly neutral pH, which is not locally 
irritating or excessively painful when given intramuscularly. In a series of 
105 intramuscular injections of 2 ¢.c. doses, no evidence of systemic toxicity 
was noted. The drug does not cause any change in the plasma prothrombin 
activity. Its diuretic action, when tested on patients with a known history of 
response to Mereuhydrin, appears to be greater than that of Mereuhydrin. 
Routine intramuscular use of EN 564 since the comparative study was completed 
has been effective and without incident. 
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THE P FACTOR AND ITS VARIANTS IN CAUCASIANS, 
NEGROES, AND CHINESE 


Epwarp B. Miter, M.D., HERMAN D. TANNoR, AND CHING-FENG Hsu, M.D. 
New York, N. Y. 


Sie the original discovery of the P factor in human blood by Landsteiner 
and Levine in 1927, there have been reports both here and in Europe deal- 
ing with the incidence of this agglutinogen and its heredity. The following paper 
is submitted because of additional information obtained; namely, the incidence 
of the P factor in a hitherto unstudied group—the Chinese, the wide thermal 
amplitude of one of the anti-P sera used in this study, and the possibility of 
differentiation of subtypes in the P factor. 


MATERIAL AND METHODS 


The anti-P agglutinins used in this study were naturally occurring antibodies. Their 
presence was detected in the sera of blood donors whose blood groups were being confirmed 
by the testing of their sera with known group A and group B cells. The mixtures of sera 
and known cells in proportions of 2 to 1 were allowed to stand for one to two hours at 
room temperature. In performing these confirmatory tests only five examples of anti-P 
agglutinins were found in about 30,000 cases. It is obvious that with the method described 
irregular agglutinins from group O donors could not be detected. Furthermore, only those ir- 
regular agglutinins acting at 21° C. would be evident. The known test cells consisted of 
freshly prepared 2 per cent suspensions of pooled red cells from at least five individuals. 
Other agglutinins that we have encountered in this fashion have been anti-O, anti-M, anti-Le@, 
and anti-Leb, 

Two of the five anti-P agglutinins were of sufficient potency to give unequivocal re- 
actions. This study was performed using these two sera. The first anti-P agglutinin (Amo) 
was found in plasma that was converted to ‘‘serum’’ by inactivation at 56° C. with sub- 
sequent removal of the precipitate. The group agglutinin was absorbed with group B, 
P-negative red cells. The second anti-P agglutinin (Tor) was in serum and the group 
agglutinin was successfully neutralized with lyophilized group substances or by concentrated 
group A substance (Sharp and Dohme). 

The tests were performed in tubes, using 1 drop of serum and 1 drop of a 2 per cent 
suspension of red cells. The mixtures were placed in the refrigerator (4° C.) for ninety 
minutes, removed, and allowed to stand at room temperature for an additional ten minutes 
and then centrifuged for one minute at 1,000 r.pm. The readings were made by gross 
inspection of the resuspended sediments and transferred to slides and read microscopically 
if agglutination was not obvious to the unaided eye. The two anti-P sera gave completely 
parallel results. 

The blood grouping, subgrouping, and Rh typing were performed by the usual method 
using the test tube technique. Blood samples giving negative reactions with the anti-Rh, 
serum were incubated with a potent univalent antibody and then tested with anti-human 
globulin serum. 

The blood specimens were unselected except in the Negro group in which only dark- 
skinned persons were chosen. The Chinese were predominantly Cantonese. The blood samples 
were tested in the following manner. 


From the Laboratory of the American Red Cross Blood Donor Service. 
Received for publication, April 13, 1950. 
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Blood of Caucasians: 

Ist series (200). Tested with Amo serum. 

2nd series (200). Tested with Amo and Tor sera. 

3rd series (200). Tested with Tor serum, undiluted, diluted 1:5 and 1:20. 


Blood of Negroes: 
Ist series (200). Tested with Amo and Tor sera. 
2nd series (100). Tested with Tor serum, undiluted, diluted 1:5 and 1:20. 


Blood of Chinese: 
190 specimens tested with Amo and Tor sera. 


RESULTS 


Racial Groups.—Table I presents the distribution of the P factor in various 
populations. In the Caucasian group the incidence of P-positives was about 75 
per cent. Significant variations from this figure were reported in the original 
studies by Landsteiner and Levine’ and those of Andresen.? On the other hand, 
almost identical figures were obtained in the three series of Negroes thus far 
published. In the present study, the low incidence of 32.6 per cent of P-posi- 
tives was observed in the Chinese group. This result is not surprising in the 
light of previous findings on the Q agglutinogen (apparently a variety of P). 


TABLE I. COMPARATIVE INCIDENCE OF THE P Factor IN VARIOUS RACIAL GROUPS 














RACIAL GROUP |NUMBER TESTED| P-POSITIVE 
Caucasians (New York)1 265 81.9 
Caucasians (New York)? 328 73.2 
Caucasians (Germany )8 6,478 73.6 
Caucasians - (England) 9 500 74.0 
Caucasians (Denmark) 2 506 81.7 
Ist series 200 75.0 
Caucasians (New York) ] 2nd series 200 79.0 
(Present study) q 3rd series 200 77.0 
} Yombined series 600 77.0 
Negroes (New York)! 267 97.8 
Negroes (New York)? Z 73 97.7 
Negroes (New York) ) Ist series 200 98.0 
(Present study) ; 2nd series 100 99.0 
J Combined series 300 98.3 
Chinese (New York) 190 32.6 


(Present study ) 





On the basis of the frequency of this factor in the Japanese, Wiener*® predicted 
alow value for P-positives in this race. In view of the data on the blood groups, 
subgroups, M-N types, and Rh subtypes in the Chinese and Japanese,” * * ® it is 
probable that they are also identical or very similar for the P factor. 

The values for the blood groups, subgroups, and Rh subtypes in 200 Negroes 
and 190 Chinese were as follows: 

















O A, A, B fa 
Negroes 47.5 16.5 11.5* 20.5 1.5 2.5 
a Chinese 36.3 27.9 0.0 22.6 13.2 0.0 
rh Rh, Rh, Rh,Rh, Rh, rh’ rh” 
Negroes 7.0 21.0¢ 21.0 3.9 45.5t 1.5 0.5 
a Chinese 0.5 62.1 7.9 28.9 0.5 0.0 0.0 





*Includes intermediates of A. 


eal mere were nine examples of intermediates of the Rho factor, four as Rh: and five 
as lo. 








MILLER, TANNOR, AND HSU 


Thermal Amplitude of the P Agglutinins.—An unusual feature of one of 
the sera (Tor) used in this study was its property of agglutinating certain P- 
positive cells at 37° C. A review of the literature failed to reveal this char- 
acteristic of anti-P sera used by other authors. Our findings suggest the possible 
role of certain natural or immune P agglutinins in transfusion reactions. In 
Table II the units of anti-P activity of the two sera against three types of 
P-positive cells at various temperatures are listed. 


TABLE IJ. UNITS oF ACTIVITY OF THE ANTI-P SERA AS TESTED WITH VARIETIES OF 











P-PoSsITIVE Rep CELLS AT VARIOUS TEMPERATURES 
P TYPE | TEMPERATURE | | AMO SERUM ~~ | TOR SERUM 
P, hed! OM 20 30 
ei” ¢, 12 16 
os” SS. 0 1 
P.. 4° C, 10 14 
Za Bf 6 
53 fale OF 0 0 
P, e <, 3 4 
pi? «a. ] l 
“foals fo 0 0 


Variations in the P Agglutinogen.—Various authors have been able to 
divide P-positive blood specimens into two classes according to the intensity of 
their reactions. Andresen was the first to claim that he could distinguish three 
subtypes. Similarly, in our studies the positive reactions with the anti-P sera 
seemed to fall into three classes. One group of ++++ reactions was clear-cut 
and easily distinguishable. In the remainder of the positive reactions the dis- 
tinction was not as striking. However, the majority of the cases could be 
graded either ++ or +. In an attempt to corroborate Andresen’s findings of 
P,, P2, and P, subtypes, numerous titrations were carried out using Tor serum 
against various P-positive cells. The clearest distinctions were obtained by using 
undiluted serum and serum diluted 1:5 and 1:20. The reactions of the so-called 
P,, P., and P, blood samples were ++++, ++, +; ++, +, trace; +, trace, 0, re- 
spectively. Our findings in the blood of Caucasians and Negroes are given in 
Table II] along with those of Andresen. The testing of the Chinese blood with 


TABLE IIT. INCIDENCE or THE P SUBTYPES IN VARIOUS RACIAL GROUPS 





“RACIAL GROUP | NUMBER TESTED | P, | P, | Py | P-NEGATIVE _ 








Caucasians (Andresen) 87 14 32 3 23 

Caucasians 200 16.5 34.5 26.0 23.0 
Negroes 100 34.0 5.0 20.0 1.0 
Chinese 190 2.6 25.8 4,2 67.4 








the various dilutions of the serum was not carried out. The subtyping given 
for this group is based on the intensity of the reactions with undiluted Tor 
serum. Family studies are indicated in order to establish the nature of the 
rariations in the P agglutinogen. 


SUMMARY 


In the routine testing of about 30,000 serum specimens for their anti-A 
and anti-B agglutinins, five examples of anti-P agglutinin were encountered. 
Irregular agglutinins of group O sera could not be detected. 
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Using the two most potent of these anti-P agglutinins, 600 Caueasian, 300 
Negro, and 190 Chinese blood specimens were tested and the incidence of P- 
positives was determined. 

An unusual feature of one of the anti-P sera was its property of agglutinat- 
ing certain P-positive blood at 37° C. 

P-positive blood specimens could be divided into at least two and _ possibly 
three classes based on the intensity of their reactions. 


We wish to express our gratefulness to Dr. A. 8. Wiener for having absorbed the group 
agglutinin in Amo serum and for having confirmed the activity of Tor serum at 37° C. 
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THE COAGULATION DEFECT OF VITAMIN K DEFICIENCY 
COMPARED WITH THAT CAUSED BY DICUMAROL 


FRANK D. Mann, M.D.,* JosepH D. MANN, M.D.,t AND 
JESSE L. BoLttMAN, M.D.% 
RoOcHESTER, MINN. 


WITH THE TECHNICAL ASSISTANCE OF EMERY VAN HOOK 


ICUMAROL and lack of vitamin K both decrease the amount of prothrombin 

in the plasma. It is rather widely believed that these two substances act 
as direct antagonists. However, there is much evidence that Dicumarol affects 
coagulation factors other than prothrombin.’* It recently has become possible 
to produce rapidly a marked deficiency of vitamin K in the rat by external 
drainage of the intestinal lymph. This has permitted us to compare the coag- 
ulation defect caused by Dicumarol with that brought about by vitamin K de- 
ficiency at about the same rate in the same animal species. 


METHODS 


Vitamin K deficiency was produced in male white rats of the Sprague Dawley strain, 
weighing 190 to 200 grams, exactly as previously described,t by using the procedure for 
quantitative continuous collection of the intestinal lymph5-7 with which one of us (J. L. B.) 
has had considerable experience, since it has been performed successfully on several hundred 
animals. Dicumarol in the doses stated was administered by stomach tube to animals of 
the same age and stock. All blood samples were rapidly drawn by cardiac puncture and 
the blood immediately was mixed with a ninth volume of tenth-molar solution of sodium 
oxalate. 

The principal methods used to study the coagulation changes were the two-stage deter- 
mination of prothrombin and the co-thromboplastin assay. The two-stage determination of 
prothrombin, originated by Warner, Brinkhous, and Smith, measures the total yield of 
thrombin obtainable from plasma. The test was performed by using the technique described 
by Hurn and Mann.?7 Five units of thrombin per cubic centimeter are needed to defibrinate 
rat plasma, whereas for human plasma 1 unit per cubic centimeter usually suffices. The 
average normal value for prothrombin in rats, as determined by this method, is about 336 
units per cubic centimeter of plasma (range, 270 to 400 units), approximately the same as 
in the human being. When testing Dicumarol plasma it is essential to add 0.1 ¢.. 
of serum to the 2 ¢.c. of prothrombin conversion mixture in order to obtain a quantitative 
yield of thrombin. Each specimen of serum used (ordinarily at least four hours subsequent 
to coagulation) had been tested by the two-stage method and found to contain less than 
1 unit of prothrombin per cubic centimeter. Serum was used in only about half of the tests 
on vitamin K deficient animals; it made little difference in the yield of thrombin in these 
specimens. 

The co-thromboplastin assay8 depends upon the fact that with the two-stage system 
used by us very little thrombin forms in the first minute of treatment of the plasma with 
thromboplastin, ordinarily less than a tenth as much as forms in the second minute. It ap- 
pears that a preliminary reaction occurs which can be studied by treating the thrombo- 
plastin with more dilute plasma than is used in the two-stage determination itself (usually 
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an eightfold difference with normal plasma) or with serum in even greater dilution. The 
result of this preliminary treatment of the thromboplastin appears as an increased thrombo- 
plastic activity and is expressed as the co-thromboplastic activity of plasma or serum used, 
compare] with a normal control plasma, The exact technique previously described for human 
plasma is suitable for rat plasma (although not for dog plasma). It may further be men- 
tioned that while this test is concerned with an activity important in the conversion of 
prothrombin to thrombin, it is not significantly affected by other factors which have been 
found to influence the processes, especially the factor known as labile factor, Factor V, and 
Ae globulin. 

One-stage tests for prothrombin by the version of the Quick technique described 
by Hurn and associates? were done on some aniinals of each series. Normal values for the 
prothrombin time for rats are about 20 to 22 seconds. We place great confidence in this 
test when completely controlled as described and when backed by extensive experience under 
the exact condition concerning which interpretations are made. Since we have not done large 
numbers of one-stage tests for prothrombin on rats, only limited interpretations are made 
of these results. 


RESULTS 

Dicumarol decreased co-thromboplastin to a much greater extent than pro- 
thrombin under the conditions of our studies (Table I). By the time really low 
levels of prothrombin had been attained, co-thromboplastin was no longer as- 
sayable. During recovery from Dicumarol, both factors rose rapidly. Co-throm- 
boplastin values strikingly lower than the values for prothrombin appeared to 
be characteristic of the rapidly increasing effect of Dicumarol. In contrast to 
Dicumarol, vitamin K deficiency decreased the value for prothrombin more than 
it did the value for co-thromboplastin (Table 11). The decrease in co-thrombo- 
plastin relative to prothrombin was far less in vitamin K deficiency than after 


TABLE I. EFFECT OF DICUMAROL ON BLOOD COAGULATION FACTORS 
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PROTHROMBIN _| CO-THROM- 
PER CENT | BOPLASTIN | QUICK PRO- 
UNITS PER | OF AVERAGE | PERCENT | THROMBIN 
DOSE OF DICUMAROL AND TIME C.c. OF NORMAL | OF CONTROL TIME 
RAT INTERVAL BEFORE TESTING PLASMA VALUE VALUE (SEC. ) 
1 5 mg. and 24 hr. 115 34 1.8 
2 5 mg. and 24 hr. 94 28 8.9 37 
3 5 mg. and 24 hr. 94 28 3.7 50 
4 5 mg. and 24 hr. 45 13 2.4 53 
5  |10 mg. and 22 hr. 66 20 <1 
6 |10 mg. and 22 hr. 21 6.2 <i 
7 |10 mg. and 46 hr.; 5 mg. and 12 3.6 <1 
| __2 hr. 
8 10 mg. and 46 hr.; 5 mg. and 18 5.4 <1 
ee 
9 |10 mg. and 46 hr.; 5 mg. and 15 4.5 a co ee 
oa a 
10 10 mg. and 46 hr.; 5 mg. and 18 ~ Ot | <1 - 
an a 2s 
10 |24 hr. after first specimen wa 15 | 34 °&| 50 | 20 
__|_ obtained. 
11/10 mg. and 78 hr.; 5 mg. and 199 =| 57 #86| «94~—Cd| 20 
a 6| (ae 
| 5 mg. and 48 hr. 
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administration of Dicumarol. In some of the vitamin K deficient animals the 
prothrombin time as determined by the one-stage procedure was within normal 
limits while the two-stage method disclosed a definite decrease. 


TABLE IJ. EFFECT OF VITAMIN K DEFICIENCY ON BLOOD COAGULATION FACTORS 




















PROTHROMBIN CO-THROMBO- 
DURATION OF | PERCENT OF | — PLASTIN, 
INTESTINAL AVERAGE PER CENT OF QUICK 
LYMPH FISTULA | UNITS PER C.C. | NORMAL CONTROL PROTHROMBIN 
RAT (HR. ) OF PLASMA | VALUE VALUE TIME (SEC. ) 
l ‘oo oe. — ——_—« ~~ — 37 a 33 ~ 
1 43 34 10 35 
2 43 69 20 63 21 
4 42 50 15 40 24 
4 48 29 8.7 27 
5 YG 26 7.8 29 
6 1 233 6.9 19 26 
7 44 18 5.4 19 29 
8 4155 18 5.4 14 36 
9 48 14 4.2 14 
10 66 8 2.4 15 
1] 40 8 2.4 1] 65 
12 48 | 2 <1 5.5 
13 116 <2 <1 5 








COMMENT 


These changes are similar to those we have observed in human beings but 
the difference hetween the effects of Dicumarol and vitamin K deficiency is 
much sharper. We believe this is because it is possible to produce the coagu- 
lation defects in the rat more rapidly than one would have opportunity to ob- 
serve in the patient, and in the absence of complicating factors. Since the ob- 
served effects are rapidly reversed on recovery, it is apparent that, in case of 
the slow production of hypoprothrombinemia by Dicumarol or spontaneously 
occurring vitamin K deficiency, the picture observed at any time might be com- 
plicated by a partial recovery phase. 

In the carefully controlled study of Boyd and Warner,’® vitamin K, even 
in massive doses, had no effect on the course of hypoprothrombinemia induced 
by Dicumarol in the rat. Similar observations were made by Owen"! on the dog. 
These findings are in striking contrast to the prompt response to vitamin K 
noted by Flynn and Warner’? and by ourselves* when actual vitamin K defi- 
ciency was produced experimentally in the rat. All of the foregoing investiga- 
tors used the two-stage method. Dam and Sgéndergaard'* demonstrated a differ- 
ence between the coagulation defect of the plasma caused by vitamin K deficiency 
and that caused by Dicumarol by means of direct mixing experiments. Quick 
proposed'* and later withdrew'® a theory of a difference between the hypopro- 
thrombinemia of Dicumarol and vitamin K deficiency but still believes that a 
difference of some kind exists. In the present study, the co-thromboplastin test 
certainly appeared to show a difference between the effect of Dicumarol and that 
of vitamin K deficiency, produced under reasonably comparable conditions. 
While it is not our intention to dispute the well-established clinical use of vita- 
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min K to counteract the effect of overdosage of Dicumarol, this difference be- 
tween vitamin K deficiency and the effect of Dicumarol suggests that the latter 
is not simply an increased requirement of vitamin K, readily corrected by large 
doses of the vitamin. 


The history of our knowledge of blood coagulation shows the need for great 


caution in attributing an observed effect to a specific factor. Elsewhere the 
reasons are set forth in detail for regarding the concept of co-thromboplastin 
as at least temporarily useful.* Co-thromboplastin is thought of as a factor 
which reacts with thromboplastin before prothrombin enters into the reaction. 
Whatever proves to be the definitive status of this idea, the results presented 
herein indicate a difference between the coagulation defect of vitamin K_ de- 
ficiency and that caused by Dicumarol. 











Ms 


SUMMARY 


Under essentially comparable experimental conditions, Dicumarol decreased 


co-thromboplastin activity much more than prothrombin, while vitamin K de- 
ficiency produced a greater decrease in prothrombin than in co-thromboplastin. 
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MEGALOBLASTIC ANEMIA OF PREGNANCY: RESPONSE TO 
PTEROYLGLUTAMIC ACID AFTER FAILURE OF RESPONSE 
TO LIVER EXTRACT AND VITAMIN Biz, 


Vicror GinsBerG, M.D., Janet Watson, M.D., AND HERBERT LICHTMAN, M.D. 
BROOKLYN, N. Y. 


T HAS been clearly demonstrated that megaloblastic anemia of pregnancy re- 

sponds dramatically to treatment with pteroylglutamic acid (PGA).*° The 
failure of this condition to respond to liver extract” ° or to vitamin Bu1e* ° with 
subsequent good results in the same cases by treatment with pteroylglutamic acid 
also has been reported. The isolation of crystalline vitamin Bi2,° which differs 
from vitamin Biz in its absorption spectrum and on paper chromatography was 
followed by the demonstration that vitamin B12, is therapeutically effective in the 
treatment of Addisonian pernicious anemia in the parenteral dose of 1 to 2 
gamma daily.’ The purpose of this paper is to report our observations on the 
antianemic properties of vitamin B12, in megaloblastic anemia of pregnancy. 


REPORT OF CASE 

History.—Hi. 8., KCH No, 45227, a 34 year-old white married woman, the mother of 
three children, was admitted to the Kings County Hospital on Aug. 29, 1949, complaining 
of weakness and apathy. Her mother and two material aunts were supposed to have suf- 
’? although no confirmatory data are available. 

During her first pregnancy, fourteen years ago, she was found to be severely anemic 
and received a blood transfusion. She had a normal spontaneous delivery at full term. 
Nine years ago she had a right oophorectomy for a ‘‘cyst’’ and an appendectomy at an- 
other hospital. Seven years ago she gave birth to her second child without complications. 
Five years ago she had a miscarriage at this hospital during the first trimester of preg- 


fered from ‘‘ anemia 


nancy and required several blood transfusions. One year later her third full-term preg- 
nancy terminated normally. 

Although she had a pale complexion and had tired easily for the past ten years, she 
was able to carry on her household duties and care for her three children. Five months 
before her present admission she became pregnant for the fifth time. Early in the first 
trimester she had three days of slight vaginal bleeding. Three weeks before admission, 
during the fourth month of pregnancy, she became very weak, tired, and apathetic. She 
was unable to do her housework and seemed to lose interest in her family and her respon- 
sibilities. The bowel movements were normal in frequency, color, consistency, and odor. 
She consulted a physician who found her very anemic and gave her intramuscular injec- 
tions of liver extract (Lilly, 10 units per cubic centimeter). She received five injections 
each week for three weeks, a total of 150 U.S.P. units of liver extract. She was also given 
ferrous sulfate, 9 grains (0.6 Gm.) each day orally. She became weaker, nauseated, and 
anorexic, and experienced ‘‘burning’’ of the tongue. Because of failure of therapeutic 
response, she was sent to the hospital on Aug. 29, 1949. 

Physical Examination.—On admission the blood pressure was 116 systolic, 60 diastolic; 
pulse 120 and regular; respirations and temperature were normal. She was well developed 
and well nourished but appeared pale, lethargic, apathetic, and weak. The positive physical 
findings included a smooth tongue with atrophy of papillae. There were advanced dental 
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caries. The liver was palpable 4 cm. below the right costal margin and was not tender. 
The spleen was palpable at the costal margin. The heart and lungs were normal. The 
fundus of the uterus was felt at the umbilicus. Fetal movements were felt and the uterine 
souffle was heard. There was no edema. Neurological examination revealed no abnor- 
malities, 
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Fig. 1.—Megaloblastic anemia of pregnancy. No hematologic response to 150 U.S.P. units 
of refined liver extract given intramuscularly in the three weeks immediately prior to admission. 
Good response to folic acid after failure to respond to vitamin Bup. 


Laboratory Data.—On admission the peripheral blood had 710,000 red blood cells per 
cubic millimeter, 1.2 per cent reticulocytes, 3 Gm. per cent hemoglobin (Sahli), 3,550 white 
blood cells per cubie millimeter with a differential count in percentages as follows: poly- 
morphonuclear leucocytes 70, stabs 2, lymphocytes 25, monocytes 1, eosinophiles 1, and 
basophiles 1. The red blood cells were macrocytic and showed marked anisocytosis and 
poikilocytosis. The bone marrow was megaloblastic. There was no free HCl in the gastric 
juice after histamine. There was no lactic acid or blood. The total proteins were 6.1 Gm. 
per cent with 3.5 Gm. of albumin and 2.6 Gm. of globulin. Icteric index was 10 units, 
cholesterol 100 mg. per cent, alkaline phosphatase 7.7 Bodansky units, inorganic phosphorus 
3.8 mg, per cent, calcium 11 mg. per cent, cephalin flocculation and thymol turbidity normal, 
blood urea 33 mg. per cent, and fasting blood glucose 80 mg. per cent. The ECG was normal 
and a telerentgenogram of the chest revealed slight widening of the transverse cardiac 
diameter. The stoo!s were normal in appearance and no occult blood was found. 

During the first four days of hospitalization the patient received 2,000 c.c. of whole 
citrated blood, following which she had 2.74 million red blood cells per cubic millimeter, 
8.0 Gm. of hemoglobin, hematocrit of 25 per cent, 0.3 per cent reticulocytes, icteric index of 


3 units, and 4,500 white blood cells per cubic millimeter. Starting on August 31, she was 
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given 1 gamma of vitamin Bi2,* intramuscularly which she received each day for thirteen 
days. No adverse reactions were noted to these injections. There was no hematopoietic 
response to vitamin Biz, (see Fig. 1). The glossitis cleared up after approximately one 
week of this therapy. The anorexia persisted. 

On September 13, the fourteenth day, the parenteral administration of PGA* was 
started in a dosage of 15 mg. intramuscularly each day for six days each week. Following 
the first few injections the patient noted nausea and perspired profusely. These reactions 
subsided spontaneously and did not recur as treatment continued. The reticulocytes began 
to rise on the fourth day and reached a peak of 8.6 per cent on the twelth day. This was 
associated with a rapid rise in the hemoglobin and erythrocytes. At the end of three weeks 
of this therapy the peripheral blood had 3.92 million red blood cells per cubic millimeter, 
11.5 Gm. of hemoglobin, a hematocrit of 36 per cent, and 6,200 white blood cells per cubic 
millimeter. At this time the blood smear appeared normal. The patient’s clinical response 
was dramatic. Her appetite was greatly improved. She developed a renewed vigor and 
interest in her surroundings. Her skin color became normal. She gained weight and said 
she hadn’t felt so strong in years. On Oct. 6, 1949, she delivered prematurely a % pound 
male infant that survived for twelve hours. The mother’s post-partum course was un- 
eventful. She was followed until Nov. 1, 1949. The patient continued to receive PGA 
intramuscularly in a dosage of 15 mg. three times each week. When she was last seen on 
November 1, the blood counts were as follows: 4.93 million red blood cells and 7,050 white 
blood cells per cubie centimeter, hemoglobin 14.0 Gm., hematocrit 43 per cent, reticulocytes 
0.6 per cent, and icteric index 3. The peripheral blood smear was normochromic and normo- 
cytic, Gastric analysis on November 1 still failed to reveal the presence of any free HCl 
after histamine stimulation. 


DISCUSSION 


The complex mechanisms involved in the production of megaloblastic 
anemia are still obscure. The problem has been partially clarified by the 
demonstration that certain pure substances, i.e. thymine,® pteroylglutamic 
acid, vitamin Bie, and vitamin B12), may in certain instances convert megalo- 
blastic forms of erythropoiesis to normoblastic forms. There is enough evi- 
dence now to suggest certain metabolic relationships between vitamin Bue, 
PGA, thymine, and thymidine.® 1° 112 There are now several instances in 
the medica] literature of the failure of vitamin Biz to alter certain megalo- 
blastic anemias such as pernicious anemia of pregnancy and idiopathic re- 
fractory megaloblastic anemia, with subsequent success using PGA.'* There 
have been no syndromes or isolated case reports described where PGA was 
found to be totally ineffective in altering the hematologic picture with a sub- 
sequent response to vitamin Biz or Bizy. It is true that the response to PGA 
is often not a complete one. Wherever vitamin Biz is effective in the treatment 
of a megaloblastic anemia, PGA will be effective at least to the extent of con- 
verting the bone marrow from megaloblastic to normoblastic, with partial rise 
of red blood count toward normal. PGA seems to be most efficient in those 
eases in which vitamin Biz or Biz, may be ineffective. In Addisonian perni- 
cious anemia the deficiency seems to be of vitamin Biz alone. Yet large doses 
of PGA seem, perhaps by a mass action phenomenon, to partially or completely 
make up for the lack of vitamin Biz.* In certain cases of pernicious anemia 
of pregnancy, PGA is the deficient substance and the deficiency cannot he over- 
come by any dosage of vitamin Biz. 


*The vitamin Bi and pteroylglutamic acid were supplied by Lederle Laboratories. 
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The structural formula for vitamin B12, as in the case of vitamin Biz, has 
not vet been described. However, it is probably closely related chemically to vita- 
min Biz. It has been demonstrated to be as effective in true Addisonian per- 
nicious anemia as vitamin B12‘; and in the case reported here to be just as in- 
effective as vitamin Biz may be in the treatment of some cases of megaloblastic¢ 


anemia of pregnancy. It is of interest however that a severe glossitis cleared 
up during the vitamin B12, therapy. 


CONCLUSION 


A case of megaloblastic anemia of pregnancy is presented which failed to 
respond to refined liver extract and vitamin Biz, and which then responded maxi- 
mally to pteroylglutamie acid. 
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ALLERGIC REACTIONS FROM THE INGESTION OR INTRAVENOUS 
INJECTION OF CANE SUGAR (SUCROSE) 


THERON G. RANDOLPH, M.D.,* AND JOHN P. Rouiins, M.D.t 
CHICAGO, ILL. 


HE possibility of cane acting as an allergen has received scant attention 

even though it is a member of the botanical family of cereals, the various 
members of which are well known for their ability to cause allergic symptoms. 
Cane also fulfills another requirement that should lead us to suspect its aller- 
genicity, namely, it is ordinarily consumed several times per day. The fact 
that cane is most commonly eaten in the form of highly refined crystalline 
sugar, containing practically no protein, has apparently lead allergists to dis- 
count its allergenic possibilities. Another reason that its allergenicity may have 
been overlooked is the fact that it has been included in practically all basic 
diagnostic elimination diets employed routinely in investigating the possibilities 
of food sensitivity. 

However, in view of the ability of highly refined corn sugar (dextrose and 
glucose) to produce allergic symptoms by ingestion! or as a result of intravenous 
injection? in at least certain highly corn-sensitive patients and the ability of 
granulated beet sugar (sucrose) to produce allergic responses in beet-sensitive 
patients,® the allergenicity of cane must be given more careful scrutiny. 

Sensitivity to cane was first recognized by Duke* in 1925 (Case 23) and 
subsequently by Coca’ in 1945. Sensitivity to cane sugar has been recognized 
by us with increasing frequency during the past two years since all undiagnosed 
cases of allergy possessing a wide base of food sensitivity have been subjected 
routinely to individual food tests with cane sugar. The technique of this test 
is that described by Rinkel® as modified slightly by Randolph and Rawling.’ 


CASE REPORTS 
The following cases illustrate the clinical aspects of cane sensitivity. 


A. 8., a 36-year-old woman, had been subject to sick headaches since childhood ; individual 
attacks were characterized by nervousness and tenseness, followed by extreme fatigue, disten- 
tion and diarrhea, lacrimation and swelling of the affected side of the face, pulling and 
tautness of the posterior cervical muscles, and severe head pain. There had also been localized 
myalgic pains and cramps in other muscles, chronic perennial nasal allergy, and chronic 
fatigue and depression existing between the more severe attacks of headaches, myalgia, and 
gastrointestinal symptoms. The ingestion of chocolate was known to bring a severe headache 
but the patient suspected no other foods. 

The patient had been diagnosed as having conversion hysteria, studied extensively under 
Sodium Amytal narcosis, and treated psychiatrically. In spite of medical efforts she remained 
chronically sick and had been unable to care for her six children. ; 

There was no evidence of inhalant allergy as determined by details of the history or by 
means of skin testing with inhalant allergens. 


Received for publication, April 22, 1950. 
*Instructor in Medicine, Northwestern University Medical School. 
7Research Fellow in Medicine, Northwestern University Medical School. 
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As a result of studying the major foods by means of individual food tests the patient 
was found to be highly sensitive to wheat and corn, developing a severe headache after each 
of these experimental tests. Lesser degrees of sensitivity were demonstrated after the 
ingestion of eggs, lettuce, pork, and onions, Although the specific avoidance of these incrim- 
inated foods resulted in about seventy per cent relief, she continued to complain of extreme 
fatigue, particularly troublesome in the morning, suggesting the diagnosis of hypoglycemia, 
but this could not be confirmed. She was then subjected to an individual food test with 
cane sugar; this was followed in twenty-five minutes by the development of belching, disten- 
tion, dizziness, and scotomata, followed shortly by a severe chill and marked flushing of the 
face. A very sharp generalized headache began three hours after the test feeding. 

With the additional avoidance of cane sugar the patient has remained free of her 
formerly troublesome symptoms for the past year except as she inadvertently ingested an 
incriminated food, On several different occasions cane sugar had been taken, either acci- 
dentally or intentionally; each time it was followed by a reaction similar to that of the 
original test ingestion. On one occasion she received three teaspoons of cane sugar in two 
cups of tea under the impression that she was taking beet sugar. Within five minutes she 
became logy and drowsy; this was followed by bloating and extreme fatigue and abdominal 
distress persisting for the remainder of the day. With the avoidance of cane sugar as well 
as the other incriminated food allergens, she reported that she felt mentally alert for the 
first time in a number of years, that she remained free of her morning fatigue and that she 
was able to work all day without tiring as easily as formerly. Her sleep at night was much 
less distrubed in that she felt more relaxed, being relatively free of her former tenseness 
and nervousness. For the past several months she has been able to do her own housework and 
care for her large family. 


G. MclI., aged 46, was first seen in 1945 at which time she gave a history of extreme 
fatigue associated with mental confusion and difficulty in comprehension, concentration, and 
memory which developed shortly after the birth of her child in 1931. Giant urticaria and 
intermittent episodes of abdominal cramps, diarrhea, and vomiting first occurred a year later. 
Leucorrhea, present to some extent at all times, was markedly accentuated in association with 
acute attacks of colitis and subsequently became associated with pruritus vulvae and perineal 
eczema. The patient also remained subject to intermittent periods of impaired hearing and 
frequently complained of localized or generalized muscle soreness and aching and impairment 
of the ability to focus her eyes. Other causes of the symptoms could not be found and it 
was subsequently demonstrated that her weakness and related symptoms of the fatigue syn- 
drome,’ mental symptoms,? and myalgia1®,11 as well as the more orthodox manifestations of 
hypersensitivity described were allergic responses reproducible at will following the manipu- 
lation of the diet in respect to specific foods. 

As a result of numerous individual food tests performed during the following four- 
year period the patient was found to be clinically sensitive to wheat, corn, milk, eggs, coffee, 
beans, cane, beef, chicken, and a few additional minor foods. 

The avoidance of cane prior to performing an individual food test was associated with a 
lessening of the general symptoms of tenseness and irritability as well as an improvement in 
the vaginal discharge and pruritus vulvae. Thirty minutes after the experimental ingestion 
of cane sugar she was observed to have a flushed face. A second feeding one hour after 
the first was followed immediately by intense aching and drawing sensations in her arms, 
progressive ‘‘dopiness’’, and dulled mental acuity. This persisted for the remainder of the 
day of the test in contrast to the absence of such symptoms the day prior to the test. The 
evening of the cane test the patient developed a profuse leucorrheal discharge and intense 
pruritus of the perineum. 

Five days later she was subjected to a test with 25.0 cc. of 5 per cent invert cane 
sugar intravenously, having avoided cane products in the interim and not being aware of 
whether she was receiving a sugar solution or saline. Seven minutes were required for the 
injection, the material and technique of which have previously been described.2 Eight 
minutes after its completion she first noticed the onset of pain in the region of the left 
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elbow and an associated transient sense of chilliness. She developed flushing of the face at 
twenty minutes followed by itching of the skin of the face, a similar aching of the extrem- 
ities, and slowness of mental reactions and somnolence. Extreme aching and drawing of 
various large muscles persisted for the next two days. Following the avoidance of cane she 
has remained relatively free of myalgia and there has been a marked improvement in thie 
leucorrhea and mental symptoms. 

Upon the performance of an identical test with saline the patient failed to develop 
reactive symptoms. 

In the ten months elasping since the avoidance of cane the patient developed a recurrence 
of myalgia and the related symptoms already described shortly after the prescription of a 
special desiccated thyroid tablet containing cane but free of cornstarch and other food 
excipients to which she was known to be sensitive. The recurrence of similar symptoms on 
another occasion prompted her to review the previous meal and it was determined that it 
had contained cane sugar by error. The experimental ingestion of cane sugar was repeated 
in the past month and again was associated with similar but less severe and less prolonged 


symptoms, 


M. W., a dietitian and the wife of a physician, aged 30, has been reported in detail in 
the previous article of this series.2 

Following the elimination of several major allergens from her diet, she began eating 
more cane sugar in an attempt to maintain her weight. Within a few weeks she noticed the 
onset of severe aching pains in the area of her left elbow beginning twenty to thirty minutes 
after meals containing cane sugar, and if an abundance of sugar was ingested, nausea and 
headache developed in addition. Insomnia and general tenseness and nervousness had he- 
come increasingly troublesome since she had been eating larger amounts of cane sugar. 
On the third and fourth nights of avoiding cane the patient was able to get to sleep more 
readily and slept more soundly than she had in several previous weeks. Twenty minutes after 
the experimental ingestion of 50 Gm. of granulated cane sugar, aching sensations in the left 
elbow and shoulder developed followed by the onset of an occipital headache. A second dose 
of cane sugar, one-half the size of the first, was followed promptly by the onset of nausea. 

With the avoidance of cane in addition to other incriminated foods and the use of 
tolerated foods on a rotating, diversified schedule as outlined by Rinkel,12 both the insomnia 
and neuralgia or myalgia symptoms were markedly improved; she slept soundly through the 
night instead of awakening regularly at two and again at four or five in the morning and 
in general felt much less tired and tense. On repeated occasions the inadvertent ingestion 
of cane reproduced the clinical picture as described, 

After she had avoided cane sugar for a month, the patient was again subjected to an 
individual food test with cane, employing 50 Gm. of Domino cane sugar. The cubes were 
dissolved in 240 ec. of distilled water and followed by water as desired. At ten min- 
utes she reported the onset of the previously described pain in her left arm and shoulder; at 
fifteen minutes the onset of a mild frontal headache associated with discomfort in areas of 
the frontal sinuses and slight nausea; at twenty minutes chills associated with goose flesh 
started, alternating with ‘‘flashes’’ of excessive warmth and perspiration of the hands. 
These symptoms persisted and gradually became more intense during the following three 
hours; the patient required additional clothing for warmth during the chilling periods 
and became incapacitated with a throbbing generalized headache. A paroxysm of sneezing 
and nasal stuffiness developed at seventy-five minutes. The patient passed a very restless 
night, awakening several times complaining of intense pulling, drawing, and aching sensa- 
tions in the posterior cervical muscles and upper back. She still had generalized aching and 
stiffness of all muscles the following morning and felt much more tired than usual. The 
joints of her hands were noticeably more stiff and motion of the fingers was painful through- 
out the second day although there was no evidence of edema or erythema as judged by 


examination. 
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Five days later, the patient having avoided cane products in the interim, 25.0 c¢.c. of 
5 per cent invert cane sugar in distilled water were injected intravenously in a period of 
seven minutes, the patient not being aware whether she was receiving a cane solution or 
saline. This preparation was secured from the Baxter Laboratories, Morton Grove, Ill., and 
on their statement was said to be free of bacterial pyrogens; it was administered by means 
of pyrogen controlled technique as previously outlined.2 The patient again became more 
tense and although the temperature of the room was 85° F. she voluntarily put on a heavy 
sweater. During the next half hour she developed marked weakness of the knees, followed by 
generalized aching of all extremities, tiredness, drowsiness, and irritability. With a steady 
increase in the intensity of her headache, in two hours she became so depressed and melancholic 
that she cried intermittently for the next half hour. At this point she was given codeine in 
an attempt to relieve the symptoms. The patient again spent a very restless night and on 
awakening the following morning complained of marked weakness, generalized aching of all 
muscles and joints and had a recurrence of the typical mouth lesions of lingua geographica. 

Having avoided cane in the interim, two months later in November, 1948, the patient 
was subjected to an ingestion test with a solution of dextran prepared under the direction 
of Dr. Robert C. Hockett of the Sugar Research Foundation. This consisted of a dextran cul- 
ture containing 40 per cent solids as dextran with a density of 25 Brix; this preparation had 
been subjected to dialysis in a standard cellophane bag against running water for twenty-four 
hours in an effort to remove any traces of residual sucrose which resulted in a doubling of 
the volume of the material in the bag. Whereas the undialyzed material was sweet to taste, 
the dialyzed product was tasteless; 100 ¢.c. of this material were ingested at a time when 
the patient was symptom free. Within the first five minutes she again complained of pain in 
the left arm and a general sensation of increased warmth. At twenty minutes she first 
noticed aching of the extremities; at twenty-five minutes she complained of a headache, 
chilliness, and increasing tenseness and ‘‘jitteriness.’?’ At forty minutes she noticed in- 
creasing nasal stuffiness and tickling sensations in her throat. At fifty minutes she complained 
of chilliness to the point of shivering, goose flesh, and requested a blanket for warmth. 
Residual effects were similar to those previously described following the ingestion or intrave- 
nous injection of cane sugar. 

This patient also received 25.0 c.c. normal saline intravenously as a control, not knowing 
whether she was receiving saline, cane or corn sugar, and failed to develop a symptom response. 


B. W., a 48-year-old man, had been subject to intermittent frontal headaches occurring 
in association with attacks of bloating and acute abdominal distress for many years, pro- 
gressive rheumatoid arthritis, and generalized myalgia as well as perennial bronchial asthma 
of three years’ duration. He suspected eggs, coffee, and pepper of accentuating his gastro- 
intestinal symptoms but was unaware of intolerance to other foods. 

There was no clinical or skin test evidence of sensitivity to the common inhalant aller- 
gens, 

In the course of investigating his food allergy, an individual food test with granulated 
white cane sugar was followed by the sudden onset of dizziness and coughing at five minutes, 
blurring of vision at seven minutes, pulling and drawing sensations in the muscles of the 
arms and posterior cervical region at fifteen minutes, and, finally, marked somnolence 
and a severe frontal headache beginning at forty minutes. Myalgia, headache, and extreme 
fatigue persisted for the remainder of the day and were associated with a delayed accentuation 
of the bronchial asthma. 

Because of the striking degree of relief of his chronic symptoms following the avoidance 
of sources of cane and the obvious high degree of specific sensitivity, this patient was selected 
for other experimental observations in respect to cane sensitivity. It is of interest that he 
was able to eat beet sugar with impunity and on several occasions cane sugar was substituted 
for beet sugar without the patient’s knowledge and on each such occasion he developed a 
recurrence of reactive symptoms of the type described. 

The intravenous injection of 25.0 ¢.c. of invert cane sugar with pyrogen control as 
Previously described2 was followed by the onset of wheezing, somnolence, lacrimation, and 
scotomata at ten minutes and subsequently by dizziness, stiffness and drawing of the posterior 
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cervical muscles, and progressively severe bronchial asthma and headache persisting for the 
remainder of the day. The patient was unaware of the contents of the injection or the 
subsequent one containing normal saline; the latter was not followed by symptoms. 

One week later he was fed experimentally a cube of Domino (Adant) cane sugar. He 
was observed to start coughing and wheezing four minutes later with the development of 
pulling and drawing sensations in the muscles of the extremities, back, and shoulders, with 
dizziness and blurring of vision at eighteen minutes. Residual increased asthma and aching 
and soreness of the muscles of the extremities persisted for the remainder of the day and were 
associated with a decreased range of motion of the elbows. 

The patient was tested subsequently with 100 ¢.c. of a dialyzed dextran solution, as 
described in the previous case. This again was associated with coughing and wheezing 
within the first five minutes, dizziness and blurring of vision at ten minutes, followed 
almost immediately by progressive stiffness and soreness of the neck muscles and severe head 
pain. The asthma required the use of epinephrine for relief. These symptoms, entirely 
absent for several days prior to the test, persisted for the remainder of the day. 

On another occasion the patient was fed experimentally 20.0 ¢.c. of rum derived ex- 
clusively from cane sugar. He again was observed to have increased wheezing and coughing 
beginning five minutes after ingestion, followed almost immediately by dizziness and myalgic 
and arthritic pains in the muscles of the arms and nuchal region. This was followed by pro- 
gressive asthma, headache, lacrimation, and ‘‘dopiness.’’ This reaction was as severe as the 
clinical response following the ingestion of dextran and also required the administration of 
epinephrine for relief of the asthma. A control experimental test with potato spirits was 
not associated with symptoms other than the immediate stimulating effect of the alcohol. 


DISCUSSION 


It is of interest that in these illustrative cases as well as in the majority 
of other proved instances of cane allergy specific sensitivity usually was not 
suspected by the patient. The most common exception to this statement is the 
person who is intolerant to rum; this has been noted in two patients substituting 
rum as an alcoholic beverage in the course of diagnostic studies for food allergy 
coincident with the specific avoidance of all foods and spirits derived from 
wheat, rye, malt, and corn. The principal reason that patients do not ordinarily 
suspect the existence of cane sensitivity is the fact that it is ingested so fre- 
quently that the patient does not recover from the effects of a given dose before 
he has received several additional feedings. These are exactly the conditions 
which so commonly lead to the development of a masked type of food allergy.” 

Similarly, physicians have been loath to accept the existence of specific 
allergy to cane because of the nonprotein nature of granulated cane sugar. 
Their observations have been further hampered by the fact that practically all 
basic-type elimination diets include cane as one of the few permissible ingre- 
dients. 

In our clinical experience, cane sensitivity should be suspected until it is 
ruled out in all patients who possess multiple allergy to other members of the 
cereal grain botanical family, and, secondly, in all individuals who possess a 
wide base of food involvement. As in other instances when dealing with foods 
ordinarily ingested several times daily, the most accurate means of diagnosing 
the existence or assuming the nonexistence of sensitivity is the specific avoidance 
of the food in question for a short period followed by performing an individual 
food test with it. 
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Another point illustrated in the cases cited as well as in many others is the 
nature of the clinical manifestations so commonly exhibited by cane-sensitive 
patients. Although any of the traditional allergic manifestations may be on the 
basis of specific cane sensitivity, these patients exhibit an unusually high inei- 
dence of the symptoms originally grouped by Rowe'™ * under the term allergic 
toxaemia. Many of these manifestations have been more recently described by 
us.* % 1% 31 Particularly striking in these individuals is the incidence of myalgia, 
mental confusion, depression, extreme fatigue, nervousness, tenseness, and _ so- 
called ‘‘jitteriness.’’ 


Of additional interest is the fact that two of these cane-sensitive individ- 
uals were tested with preparations derived from cane containing various propor- 
tions of the contaminating polysaccharide known as dextran. Although dextran 
is present in both cane and beet sugar, Neill and associates'® believe that it is 
present to a slightly greater degree in cane as compared with American beet 
sugars. The probable origin of this polysaccharide is the brief period of fer- 
mentation of the cut cane stalk by the organism Leuconostoc mesenteroides dur- 
ing the interval after it is cut and before it reaches the mill. Traces of dextran 
present in the unrefined juice may not be removed as a result of the refining 
processes. 

Of particular interest from the standpoint of possible allergic reactions 
is the fact that this polysaccharide is immunologically active and not dissimilar 
to the type-specific pneumococcus polysaccharide,'? and Neill and associates'® 
were the first to show that nearly all white sugars showed a positive precipitin 
reaction when tested against Type 2 pneumococcus antiserum. 

Hockett** has theorized that the presence of dextran in sucrose may be re- 
sponsible for cases of so-called sugar allergy. The third patient in this series, 
clinically sensitive to both beet and cane, reacted with clear-cut symptoms follow- 
ing the ingestion of a dialyzed culture of dextran. The fourth patient, highly 
sensitive to cane but not to beet sugar, not only reacted with sharp allergic 
symptoms following the ingestion of the dextran solution but also had a definite 
clinical reaction of the general type associated with the ingestion of cane sugar 
after the ingestion of a cube of Domino Adant sugar selected because of its 
relatively low content of polysaccharide or dextran. 

This datum plus the fact that beet sensitivity exists in the absence of specific 
sensitivity to cane, as will be pointed out in a forthcoming presentation,* is 
suggestive evidence that factors other than the contaminating dextran may be 
responsible for the allergenicity of cane and beet sugars. This answer awaits 
the more detailed immunologic study of specifically diagnosed cases of sugar 
sensitivity than our facilities permit. 

Finally, there is the fact that invert sugar of cane origin will cause un- 
mistakable allergic reactions when it is injected in certain specifically cane-sensi- 
tive persons. In this respect, our experience in cane sensitivity is identical with 
that previously found to exist in respect to the intravenous injection of dextrose 
in patients found to be specifically sensitive to the ingestion of corn sugar. 
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SUMMARY 


Cane sensitivity exists as a cause of chronic allergic symptoms in certain 
patients found to have a wide base of food allergy reactions; it should he 
suspected in all uncontrolled allergic persons sensitive to other members of the 
cereal grain botanical family and should be ruled out by the performance of 
an individual] food test with cane. 

Sensitivity to cane may be the cause of any type of clinical allergic response 
but is commonly responsible for a group of symptoms referred to as the fatigue 
syndrome of allergic origin. 

Whether cane sensitivity is related to the presence in cane sugar of im- 
munologically specific polysaccharides requires further study. 

The intravenous injection of invert sugar of cane origin causes allergic 
responses in many cane-sensitive patients. 
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PROTECTION AGAINST DIABETES WITH NICOTINAMIDE 


ARNOLD LAzArow, M.D., Pu.D., JoHN LiAmbBies, A.B., AND 
ANNE JAN TauscuH, M.D. 
CLEVELAND, OHIO 


INTRODUCTION 


INCE alloxan has been reported to compete with diphosphopyridine nuecleo- 
tide (DPN) in a yeast apozymase enzyme system,! it seemed desirable to test 
the effect of DPN as a protective agent against alloxan diabetes. A few prelimi- 
nary experiments along this line were undertaken in the mouse.” A dose of 150 
mg. per kilogram of diphosphopyridine nucleotide was injected intravenously im- 
mediately preceding a diabetogenic dose of alloxan (75 mg. per kilogram). Since 
no protection was observed, it was possible that the doses of DPN used were 
inadequate (larger doses were not used because of the expense). The possibility 
also exists that the DPN failed to penetrate the cell membrane or that it was 
destroyed before it could produce any effect. Since the components of DPN, 
i.e. adenine, ribose, nicotinamide, and phosphate are cheaper, some of these were 
tested for their protective effect against alloxan diabetes. 
In a preliminary note Lazarow® reported that nicotinamide in doses of 
7.5 mM per kilogram injected intravenously into rats, immediately preceding a 
diabetogenic dose of alloxan, protected thirteen out of eighteen rats. By con- 
trast, twenty of twenty-one rats injected with alloxan alone developed diabetes. 
A few months later Bannerjee* reported that nicotinie acid, injected intra- 
venously, in doses of 100 mg. per kilogram, prior to the administration of 
alloxan (100 mg. per kilogram), protected five out of five rabbits from diabetes. 
However, when the doses of both nicotinic acid and alloxan were increased to 
200 mg. per kilogram, no protection occurred in three out of three rabbits. 
Bannerjee also reported that when both nicotinie acid and alloxan were in- 
jected intraperitoneally into rats in doses of 100 mg. per kilogram per day for 
three days, no diabetes developed; whereas the injection of alloxan alone intra- 
peritoneally (100 mg. per kilogram) on the fourth day did produce diabetes. 
The intraperitoneal protection experiments reported by Bannerjee in the 
rat do not seem conclusive since we had reported that the injection of a single 
dose of alloxan (200 mg. per kilogram intraperitoneally) produces diabetes in 
only 75 per cent of the rats injected and that doses of 100 mg. per kilogram 
rarely produce diabetes. Although repeated subthreshold doses of alloxan do 
have cumulative effects,’ one cannot be sure that the three repeated intra- 
peritoneal doses of alloxan (100 mg. per kilogram) would have produced 
diabetes. Furthermore, Bannerjee’s rabbit experiments should also be accepted 
with some caution inasmuch as only five animals were used, for Hard and Carr’ 
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report that only 60 per cent of thirteen rabbits developed diabetes when in- 
jected with equivalent doses of alloxan (100 mg. per kilogram, I. V.). We 
have therefore extended our preliminary studies on nicotinamide and _ have 
carried out similar protection experiments using nicotinic acid as well. 

In experiments along similar lines, it is of interest to note that Emerson 
and co-workers® have reported that yeast pentonucleotides injected in doses of 
350 mg. per kilogram intraperitoneally protected rats against a diabetogenic 
dose of alloxan. They also suggest that better protection was obtained when the 
pentonucleotide was injected one hour or more prior to the alloxan. However, 
since the number of animals used in their study was small, and since there is 
considerable variation in the response of animals to a given dose of alloxan, it 

ras felt that further studies were needed in order to establish conclusively the 
presence of a latent period. 

We have also attempted to determine whether increasing the time interval 
between the nicotinamide and alloxan injections increases the protective action 
of the former. 

METHODS 


The protection experiments were carried out in a manner similar to those previously 
reported for cysteine and glutathione.® The nicotinamide was dissolved in water in con- 
centrations ranging from 0.25 to 0.75 mM per cubic centimeter. Since nicotinic acid has 
limited solubility, it was dissolved in hot water at a concentration of .25 mM per cubic centi- 


meter and the solution was cooled to 37° C. before injection. The protective compounds were 





injected intravenously into the tail vein of the rat in doses ranging from 2.5 to 7.5 mM per 
kilogram, and in volumes of 1 ¢.c. per 100 grams of rat. The alloxan was prepared as a 
1 or 2 per cent solution. In the earlier experiments, i.e. those shown in Table I, rats of 
various strains were used (Albino Farms, Sprague-Dawley, ete.) and the alloxan was injected 
intravenously in doses of 40 mg. per kilogram one minute or sixty minutes after the pro- 
tective compound. Using fed rats, this alloxan dose produced diabetes in nearly all 
animals. In the later experiments (Table II) all rats were of the Sprague-Dawley strain, 
and they were fasted for forty-eight hours prior to injection. In this case the alloxan was 
reduced to 20 mg. per kilogram and this dose produced diabetes in nearly all of the animals 
injected. The alloxan was prepared as a 1 or 2 per cent solution. Male rats of approximately 
the same age were used. Upon arrival in the laboratory they were fed Friskies for four or 
five days and then were starved for forty-eight hours. The rats were injected about 10 or 
11 A.M. and immediately after the alloxan injection food was returned to the cage. All 
samples of blood for sugar determinations were drawn in the afternoon, inasmuch as the 
diabetic blood sugars tend to be higher at this time.1° Each shipment of animals was 
divided into three groups. Approximately one third were injected with nicotinamide plus 
alloxan; one third were injected with nicotinic acid plus alloxan; and one third served as 
the alloxan controls. Under these carefully controlled conditions twenty-six of twenty-eight 
rats (93 per cent) developed diabetes when they were injected with alloxan, 20 mg. per 
kilogram. The animals were heated, as previously described,® to induce vasodilation in the 
tail veins. The heating thus facilitates both the intravenous injections and the drawing 
of blood. In most instances serial blood sugar determinations were carried out at zero, 
three, twenty-four, forty-eight, and seventy-two hours, and occasionally at intervals up to 





nine days. The Folin-Malmros micro blood sugar method was used.11 The rats were con- 
sidered diabetic if their forty-eight hour blood sugar values were greater than 150 mg. per 
100 cubic centimeters. Animals that died before forty-eight hours were considered diabetic 
if their seria) blood sugar values showed the typical hyper-hypo-hyperglycemic response.® 
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RESULTS 

When nicotinamide was injected into fed rats in doses of 7.5 mg. per 
kilogram immediately preceding a diabetogenic dose of alloxan (40 mg. per 
kilogram), twelve out of thirty-four rats (35 per cent) developed diabetes. 
(See Table I). By contrast, twenty-five out of twenty-eight control animals 
(89 per cent) injected with alloxan alone developed diabetes. It has been 
reported previously that 95 per cent of the rats injected with this dose of 
alloxan develop diabetes.° These results are in good agreement with the pre- 
viously reported findings. It should also be noted that the average forty-eight 
hour blood sugar value for the nicotinamide injected animals which developed 
diabetes was 25 per cent lower than in the diabetic controls. When the dose of 
nicotinamide was reduced to 2.5 mM per kilogram, and given one minute prior 
to the alloxan, no significant protection occurred (74 per cent diabetic). How- 
ever, if the time interval between the nicotinamide (2.5 mM per kilogram) and 
alloxan injections was increased to sixty minutes, significant protection oc- 
curred (15 per cent diabetic). Nicotinic acid injected in doses of 2.5 mM per 
kilogram, one minute before the alloxan, did not produce significant protection 
(79 per cent diabetic). 

Table II gives the results of the later experiments in which we compared 
nicotinic acid and nicotinamide under carefully controlled conditions. When 
nicotinamide was injected into starved rats in doses of 2.5 mM per kilogram, 
sixty minutes prior to the alloxan (20 mg. per kilogram), eight out of twenty- 
three rats (35 per cent) developed diabetes and even those animals which 
developed diabetes showed a much lower two-day blood sugar value (average 
of 230 mg. per 100 ¢.c.) than did the alloxan diabetic controls (345 mg. per 
100 ¢.c.). By contrast, twenty-six out of twenty-eight (93 per cent) of the 
starved animals injected with alloxan developed diabetes. When nicotinic acid 
was injected in equivalent doses (2.5 mM per kilogram) sixty minutes prior 
to alloxan, fifteen out of twenty-six rats (58 per cent) developed diabetes. 


DISCUSSION 


Our data clearly demonstrate that nicotinamide exerts significant protection 
against alloxan diabetes. When very large doses of nicotinamide were injected 
(7.5 mM per kilogram), protection was observed even when the alloxan was 
given immediately after the amide. When the dose of nicotinamide was reduced 
to 2.5 mM per kilogram, significant protection was observed only when the 
amide was injected sixty minutes prior to the alloxan, but no protection was 
observed when the alloxan was injected immediately after the nicotinamide. 
These data therefore suggest that nicotinamide per se does not protect against 
alloxan diabetes but rather that the protection may be due to an indirect reac- 
tion of nicotinamide or to a metabolite of nicotinamide. 

Unfortunately, it is not possible to inject nicotinic acid intravenously in 
doses much greater than 2.5 mM per kilogram because of the limited solubility 
of this compound. However, when this dose was injected into forty-eight hour 
starved rats sixty minutes prior to alloxan, significant protection was also 
observed. 








mi 
be 
Wi 
Gl 
al] 














PROTECTION AGAINST DIABETES WITH NICOTINAMIDE 253 


The data given in Table II further suggest that mole for mole, nicotinamide 
is more effective than is nicotinie acid in protecting against the development 
of alloxan diabetes. 

However, nicotinamide is not as effective in protecting against alloxan 
diabetes as is cysteine or glutathione, for both of these compounds afford com- 
plete protection at doses of 2.0 mM per kilogram,® and even at a dose of 1.0 
mM per kilogram of cysteine diabetes was produced in only 12 per cent of the 
rats injected. 

When nicotinamide was injected sixty minutes prior to alloxan, it appeared 
to be about as effective in protecting against alloxan diabetes as was yeast 
Pentnucleotide. Emerson and co-workers* reported effective protection in rats 
when doses of 350 mg. per kilogram of Pentnucleotide were given and we 
observed fairly extensive protection at doses of 2.5 mM per kilogram (305 mg. 
per kilogram) of nicotinamide. Furthermore, the increased protective action 
of nicotinamide following a sixty-minute latent period is similar to that 
previously found with yeast Pentnucleotide.* 

Methods of Altering the Diabetogenic Action of Allocxan.—Before discussing 
the mechanism of nicotinamide protection, it is advantageous to consider the 
various ways by which the diabetogenic action of alloxan may be modified. 
Upon intravenous injection, alloxan is rapidly destroyed by the glutathione 
present in blood.'* 1% The glutathione not only reduces alloxan to a non- 
diabetogenic compound, i.e. dialurie acid,’ but it also reacts with alloxan to 
form a new compound ‘‘305.’’!* 14 Alloxan further undergoes rapid spontane- 
ous decomposition in the blood and tissue fluids at pH 7.4.17 1% 15 Thus the 
alloxan which escapes destruction must pass through the pancreatic arteries to 
the islets of Langerhans of the pancreas. In the beta cells the glutathione 
present would further serve as a protective factor..° However, if the dose of 
alloxan is sufficient, alloxan will produce beta cell death presumably by the 
inactivation of essential enzymes which may be of the sulfhydryl type.’® 

A substance may, therefore, affect the production of diabetes with alloxan 
by any of the following methods. (1) By reacting directly with alloxan and thus 
removing it from the field of action. (2) By affecting the factors of the blood 
which normally destroy alloxan, i.e., glutathione and possibly other compounds. 
(3) By affecting the pancreatic blood supply and thereby reducing the dose 
of alloxan reaching the beta cells. (4) By affecting the natural protective 
mechanism within the beta cells, i.e. (a) glutathione and (b) other factors 
which detoxify alloxan. (5) By indirectly protecting sulfhydryl and possibly 
other enzymes from destruction by alloxan. 

(1) Protection by Direct Reactions With Alloxan: Orthophenylene dia- 
mine,’? 3,4-diaminotoluene,'?7 NaHS0O,,!7 and 4 amino-5 (pi/ribitylamino) 
benzene* all protect against alloxan diabetes by forming addition compounds 
With alloxan. Glutathione may also form an addition compound with alloxan. 
Glutathione and cysteine also protect against alloxan diabetes by reducing 
alloxan to dialuric acid'* which is believed to be nondiabetogenic.! ' 








LAZAROW, LIAMBIES, AND TAUSCH 


2) Substances Affecting the Natural Protective Compounds: Glutathione 
is a naturally occurring protective compound and it occurs in the body in con- 
centrations ranging from 30 to 200 mg. per 100 Gm. of tissue. Lazarow has 
shown that if the body glutathione content is increased by the prior injection of 
2 mM per kilogram (60 mg. per 100 Gm.) of glutathione, rats are completely 
protected against a diabetogenic dose of alloxan.® As would be expected, the 
glutathione content of the blood and tissues is reduced by the injection of 
alloxan.’* 7° It would be expected that any substance which decreases the 
glutathione content of the blood should thereby increase the susceptibility to 
alloxan. By contrast, any compound which increases the glutathione content 
of the body should decrease the susceptibility of rats to alloxan. Thiouracil 
feeding has been found to protect rats against alloxan diabetes and this pro- 
tective effect has been correlated with the effect of thiouracil in increasing 
tissue GSH.?° 

(3) Vascular Protection: A major portion of the alloxan is probably de- 
stroyed in the blood; however, that which escapes destruction must find its way 
to the islet tissue by means of the pancreatic arteries. Inasmuch as alloxan is 
so rapidly destroyed in the body, the blood flow to the panereas will govern the 
total amount of alloxan reaching the beta cell. Thus, Gomori*! has shown that 
if a portion of the pancreatic vessels is clamped for the first five minutes follow- 
ing the alloxan injection, dogs are protected from diabetes. Similarly any 
substance which decreases the pancreatic blood flow may consequently reduce 
the alloxan reaching the beta cells to a subthreshold level. Adrenalin, which has 
been reported to protect against alloxan diabetes,?2 may protect by this mech- 
anism since adrenalin is known to produce a generalized splanchnic vasocon- 
striction and a decreased blood flow through the organs.?* Similarly it has been 
shown that the protection against diabetes which occurs following the clamping 
of the renal artery** is due to a resulting splanchnic vasoconstriction and a 
decreased blood flow to the pancreas.”° 

(4) Protective Factors in the Beta Cells: (a) Glutathione. Since the 
glutathione contained in the beta cells would also normally protect against 
alloxan, any factor which would affect the GSH of these cells could thereby 
alter the susceptibility to diabetes. Lazarow’® has suggested that the specializa- 
tion of the beta cells for insulin synthesis may favor a localized depletion of 
glutathione. Since insulin contains a very large percentage of cystine (i.e. the 
oxidized form of cysteine) and since glutathione also contains cysteine, there 
may be a competition for cysteine within the beta cell and a consequent low 
glutathione content. Furthermore it has been postulated that any factor which 
increases the rate of insulin synthesis may thereby produce a localized gluta- 
thione depletion in the beta cells and thus render these cells more susceptible to 
degeneration."® 

(b) Detoxification of Alloxan hy the Beta Cells. The metabolic specializa- 
tion of the beta cells for insulin synthesis may, in addition, result in a decreased 
ability to destroy alloxan with a consequent increased sensitivity to this drug. 
Since the primary function of the beta cells is the synthesis of insulin, and 
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since ali of the sulfur contained in insulin is in the disulfide form,”* it would be 
expected that the metabolism of these cells would be geared to the oxidation of 
the sulfhydryl group of cysteine to disulfide. As a consequence the beta cells 
might have a higher oxidation potential than is the ease with other cells. The 
finding by Bensley?* that the islet tissue reduces Janus green more slowly than 
the pancreatic acinar cells is in keeping with this hypothesis. 

It now seems fairly well established that alloxan becomes nondiabetogenic 
when it is reduced to dialurie acid.1* This reduction can be accomplished by 
glutathione and also by DPNH, (reduced diphosphopyridine nucleotide).?7 By 
contrast, cytochrome C can reoxidize dialurie acid back to alloxan.?” Likewise 
the potentiating action of methylene blue for alloxan diabetes*® has been at- 
tributed to the methylene blue reoxidation of the dialurie acid formed in vivo 
back to alloxan.?® Thus any compound which influences the oxidizing or re- 
ducing capacity of the beta cells might thereby alter the ability of these cells to 
destroy alloxan and thereby influence the susceptibility to diabetes. 

Alloxan is also spontaneously converted to a nondiabetogenie compound, 
ie. alloxanie acid, at pH 7.4.1% 1% 1° The half-life of alloxan at 37° C. (pH 
7.4) is less than one minute.’® Although the rate of this reaction is dependent 
upon pH,* it has not been determined whether physiologic changes in pH 
could cause a significant alteration in the decomposition rate of alloxan and 
thereby modify the susceptibility to diabetes. 

(5) Indirect Protection of Sulfhydryl and Other Enzymes: It has been 
suggested that alloxan owes its diabetogenic action to inactivation of essential 
sulfhydryl enzymes.” 1° This suggestion is supported by the fact that alloxan 
has been shown to react with the sulfhydryl groups of protein’* 1% °° and by the 
fact that alloxan inhibits the activity of certain sulfhydryl enzymes.*! Although 
glutathione by virtue of its ability to react with alloxan would protect all 
enzymes in the beta cells from alloxan, indirect protection of enzymes may also 
take place. It is generally assumed that the substrate for an enzyme is adsorbed 
at a specific point on the surface of the enzyme molecule. If, for example, 
sulfhydryl groups are necessary for the activity of a given enzyme, it may be 
supposed that these sulfhydryl groups are located at or near the active center 
of the enzyme and that the substrate may be adsorbed through these groups. 
Hopkins and co-workers*! have shown that the enzyme succinic dehydrogenase 
which is inactivated by oxidizing its sulfhydryl groups can be protected from 
oxidizing agents by the addition of succinate, i.e. the substrate for this enzyme. 
Thus, a given substrate, although it may not react with alloxan itself, may 
indirectly protect its enzyme from inactivation by shielding the active group, 
and thereby preventing the interaction of alloxan and the enzyme. Since there 
are other mechanisms which rapidly destroy alloxan within a matter of minutes, 
the enzymes might thus be protected. The effectiveness of such a protective 
substance would of course depend upon its affinity for the enzyme as well as 
the amount of substrate present. 

Mechanism of Nicotinamide Protection.—In explaining the mechanism by 
which nicotinamide protects against alloxan diabetes, direct chemical reaction 
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with alloxan does not seem probable. If a direct interaction were to take place, 
one would expect a maximal effect when the nicotinamide was injected im- 
mediately preceding the alloxan. Since delaying the time of alloxan injection 
increases the protective effect of the nicotinamide, it would seem likely that 
protection is the result of a secondary reaction. It is known that nicotinamide 
is excreted as the N-methyl derivative of nicotinamide.** Since N-methyl 
nicotinamide is known to react with aldehydes at alkaline pH,** it is possible 
that alloxan may react with this methylated derivative and thereby be removed 
from the field of action. It is likewise possible that nicotinamide may be 
synthesized into DPN (diphosphopyridine nucleotide**) and that an increase 
in the DPNH, thus formed can increase the rate of reduction of alloxan to its 
nondiabetogenie derivative, i.e. dialuric acid.*7 However, nicotinamide is re- 
ported to be only one-third as effective as is nicotinic acid in stimulating the 
synthesis of DPN by the human red blood cell,** and yet we found that 
nicotinamide was more effective in protecting against alloxan diabetes than was 
nicotinic acid. 

Nicotinamide is reported to protect DPN from destruction by the enzyme 
DPN-ase, whereas nicotinic acid does not afford a similar protection.*® How- 
ever, the presence of a latent period for nicotinamide action would tend to 
eliminate this reaction as a possible explanation for the protective action of 
nicotinamide. 

It has been shown that large doses of nicotinic acid produce a vasodilatation 
of the cutaneous vessels without change in blood pressure.*® If this redistri- 
bution of blood were also accompanied by a decreased splanchnic blood flow, 
nicotinic acid could affect the amount of alloxan reaching the beta cells. How- 
ever, unlike nicotinic acid, nicotinamide. is not reported to produce vasodila- 
tation and yet it protects against alloxan diabetes more effectively than does 
nicotinic acid. 

In view of the competition between alloxan and diphosphopyridine nu- 
cleotide (DPN) which has been reported using the apozymase system of yeast,’ 
it is possible that nicotinamide, because of its similarity to DPN, might protect 
the active centers of certain essential enzymes from denaturation by alloxan. 
If such an active center also were the site of essential sulfhydryl groups, then 
nicotinamide might thus indirectly protect certain essential sulfhydryl enzymes 
from denaturation by alloxan. The fact that there is a latent period in nicotin- 
amide action indicates that such a mechanism is not the most likely explanation 
of the nicotinamide protection. However, it does not rule out the possibility 
that a metabolite of nicotinamide may act in a similar fashion. 

Since nicotinamide is excreted as a methylated derivative it may be pre- 
sumed that these methyl groups arise from methionine.*? Since upon de- 
methylation methionine becomes homocysteine** and since homocysteine is 4 
sulfhydryl amino acid which can also be utilized for cysteine synthesis,’’ it 1s 
possible that nicotinamide administration produces an increase in free sulfhydryl 
groups. An increase in free sulfhydryl groups could account for the protective 
action of nicotinamide against alloxan diabetes.’ The presence of a latent 
period for nicotinamide protection would also fit in with this hypothesis. 
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Nicotinamide is reported to be methylated to a greater extent than is nicotinic 
acid and it has been claimed that the greater toxicity of nicotinamide for rats 
as compared with nicotinic acid is due to the greater depletion of methyl groups 
following nicotinamide feeding.*° 

Further work needs to be done to determine the mechanism of nicotinamide 
protection. It is not unlikely that the protection against alloxan diabetes that 
has been observed following the injection of yeast Pentnucleotide may turn 
out to be similar to that found for nicotinamide. 


SUMMARY 


Nicotinamide, in doses of 7.5 mM per kilogram, injected intravenously 
immediately preceding a diabetogenic dose of alloxan, protected 68 per cent of 
thirty-four rats from alloxan diabetes. 

When the dose of nicotinamide was reduced to 2.5 mM per kilogram no 
significant protection was observed when it was given immediately preceding 
the alloxan. However, by increasing the time interval between the nicotinamide 
and alloxan injection to sixty minutes, significant protection was obtained. 

Nicotinic acid also affords significant protection aginst diabetes when it is 
given sixty minutes prior to alloxan. 

Nicotinamide is more effective in protecting against alloxan diabetes than 
is nicotinic acid. 

The methods by which the diabetogenic action of alloxan may be modified 
have been discussed. The mechanism of the nicotinamide protection also has 
been considered. 
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THE PLASMA LEVELS OF NINE FREE AMINO ACIDS IN OLD MEN 
AND WOMEN 


Lititi Horstatrer, M.D., PHttie G. ACKERMANN, PH.D., AND 
Wituiam B. Kountz, M.D. 
St. Louis, Mo. 


IER and Bergeim! found in young adults no significant differences be- 

tween the plasma levels of ten free amino acids in twenty-four men and 
in nine women. In a previous study, using the method of Hier and Bergeim, 
we reported a decrease in the free valine plasma level of twenty-three old adults 
when compared with young controls, while we found no significant difference 
for either histidine or tryptophane.2. The number of female subjects used at 
that time was not sufficient to permit a comparison between the young and old 
of each sex separately. In order to permit a better evaluation of the plasma 
concentrations of free amino acids in both older men and women, the number 
of women has been increased from five to fifteen. Twenty-six men were tested. 
The investigations have also been extended to the determinations of tyrosine, 
threonine, lysine, leucine, isoleucine, and glycine. In addition, fourteen young 
women and eight young men were used for control subjects. 


MATERIAL AND METHOD 


The old men and women had been admitted as inmates of the St. Louis City Infirmary 
Hospital some months or years prior to their being tested because of degenerative diseases 
that are usually associated with advanced age. The main diagnoses were arteriosclerosis, 
arteriosclerotic heart diseases, degenerative arthritis, senile dementia, and senile psychosis. 
Patients with acute diseases or chronic infections were not included in these studies. All the 
elderly subjects had been receiving a well-balanced hospital diet for some months prior to the 
tests. The amount of food offered was calculated to yield an average of 93 Gm, of protein, 
about half of which was of animal origin, 90 Gm. of fat, and 235 Gm. of carbohydrate, with a 
day to day variation of not more than 10 per cent from the average. 

Blood samples were drawn in the morning with the subjects in the fasting state, using 
heparin as the anticoagulant. The preparation of the protein-free filtrate and the assays 
for the free amino acids with the microbiologic technique were essentially the same as 
described by Hier and Bergeim,1 except as mentioned below. Filtrates which were not as- 
sayed immediately were kept frozen at —10° C, until used. This could be done safely since 
in the redeterminations of a number of frozen filtrates after six months of storage we found 
the amino acid content altered by not more than 2 per cent, which is less than the expected 
accuracy of the microbiologic method. 

Leuconostoc mesenteroides and the medium D of Dunn and co-workers? was used for 
valine, tryptophane, histidine, lysine, tyrosine, leucine, and glycine. We had shown in a 
previous study? that L. mesenteroides gave results comparable to those obtained by the use of 
Lactobacillus arabinosus for valine and tryptophane. L. mesenteroides was used successfully 
for histidine and lysine by Hier and Bergeim,! for tyrosine by Dunn and co-workers? as well 
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as by Henderson and Snell,4 and for leucine by Brand and Saidel.5 
with L. mesenteroides by Henderson and Snell who recrystallized the alanine used in the me- 
dium, in order to remove traces of glycine, which precaution we also found to be necessary. 


For the assay of isoleucine we employed L. arabinosus. 
of Streptococcus faecalis since several workers indicated that satisfactory results may be ob- 


tained with this microorganism.+; 6, 7 
minations of the individual amino acids was guided by preliminary studies on recoveries of 


known amounts of amino acids added to plasma. 


RESULTS 


Glycine was assayed also 


Threonine was analyzed by the use 


Our choice of bacteria and media used for the deter- 


Tables I and II give the concentrations of the free amino acids in micro- 


grams per milliliter as found in elderly men and women respectively. There 
was no difference of statistical significance for any of the amino acids between 
In Table III we present the concentrations of the 


the old men and old women. 


TABLE I. 


FREE AMINO ACID CONTENT OF PLASMA IN ELDERLY MEN 
(IN MICROGRAMS PER MILLILITER) 


v 

















= : TRYPTO- | HISTI- | TYRO- =, 
PATIENT | AGE | VALINE | PHANE | DINE | SINE ——— LYSINE | LEUCINE | LEUCINE | GLYCINE 
1 8627.9 6.3 18.9 12.9 14.4 23.8 15.0 19.5 7.2 
2 71 25.8 8.2 18.6 7.8 13.5 18.6 13.5 12.3 9.0 
3 86 26.7 12.6 18.0 9.9 15.2 26.1 13.5 8.1 11.7 
4 69 24.3 8.7 17.1 18.6 13.2 19.2 17.4 11.7 114 
5 71 24.9 10.2 17.4 16.4 28.6 19.5 13.5 10.2 14.4 
6 84 26.1 10.8 16.8 10.2 18.7 30.0 13.5 9.9 18.9 
7 72 24.9 9.6 11.1 11.1 10.2 17.5 11.1 7.2 15.9 
8 69 25.2 10.8 13.8 9.6 14.0 21.9 20.7 13.8 12.3 
9 75 = 23.7 12.6 18.3 11.7 23.5 19.2 16.5 12.3 22.5 

10 76 24.6 12.3 14.1 10.5 13.5 30.0 14.7 8.7 17.4 

11 66 25.5 9.9 15.3 14.4 16.6 23.4 15.6 15.6 10,2 

12 78 = 27.9 8.1 13.8 9.6 16.0 24.3 22.5 10.8 12.0 

13 75 31.8 13.5 20.4 15.0 15.3 21.3 18.9 10.5 16.8 

14 69 24.3 11.4 19 8 12.9 15.5 21.6 16.5 10.8 ee 

15 75 25.8 14.4 16.2 14.1 16.5 20.4 15.9 11.7 - 

16 89 21.3 9.0 13.2 12.0 9.4 21.3 12.9 8.7 15.6 

17 82 23.4 9.6 14.1 10.5 13.5 24.6 17.1 10.5 21.3 

18 61 18.9 8.4 12.9 9.9 16.0 18.6 14 8.7 20,1 

19 82 25.5 9.9 13.2 17 19.5 21.6 13.8 14.1 10.5 

20 59 25.2 7.8 11.1 9.6 fs 22.2 18.6 8.9 19.5 

21 71 21.3 8.1 3.8 14.1 17.6 24.9 16.8 10.5 17.7 

22 82 -22.8 13.2 14.4 10.5 18.7 21.9 19.8 - 17.1 

23 66 28.5 10.2 11.1 10.5 14.8 21.9 18.9 10.5 9.6 

24 74 23.7 12.6 18.3 ib ees 23.7 16.5 i 

25 84 - - - 11.7 17.5 26.1 16.5 - 

26 78 25.2 9.9 15.6 a7 27.2 24.5 15.0 - 
Average 25.0 10.3 15.5 11.9 16.3 22.6 16.0 11.1 14.5 
S.D. 2.5 +2.0 +2.7 +2.4 +4.6 +3.1 +2.8 +2.7 +4.2 

apparent free amino acids in the plasma of young men and women. The 


average values and standard deviations previously reported for valine, trypto- 
phane, and histidine have been included in these tables for completeness. The 
literature values obtained from other laboratories for the same essential free 
The agreement, except for threonine 


amino acids were listed for comparison. 


and isoleucine, was good and even in these instances the differences were not 
significant, 
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TRYPTO- HISTI- TYRO- THREO- ISO- 

PATIENT | AGE VALINE | PHANE | DINE | SINE | NINE | LYSINE | LEUCINE mina: GLYCINE 
27 80 25.5 7.2 21.6 13.2 24.8 18.9 16.5 11.4 15.0 
28 81 36.3 4.8 18.0 17.7 15.0 9.3 19.0 12.6 14.7 
29 57 24.0 6.3 13.5 9.6 16.4 17.4 16.8 9.0 ed 
30 69 24.0 8.2 14.7 12.0 28.8 12.3 19.5 11.7 16.2 
31 54 27.0 9.9 16.2 18.3 30.0 23.1 10.2 
3 73 24.6 8.1 16.5 21.0 25.6 21.9 16.5 Hl a 19.2 
33 81 27.6 10.8 14.4 9.3 21.4 24.9 14.4 9.3 14.4 
34 85 19.2 8.7 16.8 a 17.2 22.5 13.2 11.1 16.5 
35 79 21.9 11.4 15.0 14.7 20.2 20.1 13.2 8.] 25.5 
36 83 15.6 6.6 14.1 10.5 20.1 18.9 18.3 6.6 1 ey 4 
37 69 22.5 hob 17.4 10.5 17.2 19.2 14.4 8.4 
38 52 19.6 12.3 16.5 8.7 20.2 22.5 12.0 10.5 13.2 
39 82 22.8 10.8 15.0 9.0 19.0 26.4 16.5 9.0 13.5 
40 68 24.0 10.5 12.9 9.6 18.3 27.6 15.0 9.9 15.0 
4] 74 32.1 13.2 18.3 15.3 LE.7 31.0 24.3 12.6 12.6 

Average 24.4 9.1 16.1 12.7 20.4 21.0 16.3 10.1 15,5 

8D. +4.9 +2.3 +2.2 +3. 4.9 45.5 +3.0 sual te +3.5 





TABLE III. 















































APPARENT FREE AMINO ACID CONTENT OF PLASMA IN YOUNG ADULTS 


INE (IN MICROGRAMS PER MILLILITER) 
: «| pRyYpTO- | HISTI- TYRO- THREO- ISO- 
diaae | AGE | VALINE | PHANE | DINE | SINE | NINE | LYSINE — | lh GLYCINE 
MEN 
{ (24 37 13.2 12.0 18.3 29.4 18.0 16.5 
) 22 15.9 14.7 17.5 36.0 19.8 16.2 
) 0-26 32 17.7 12.6 17.1 18.3 23.1 14.7 
3 (27 28 14.4 12.9 13.8 17.1 12.9 
5 (-28 3 13.5 17.7 34.8 20.1 15.0 
{ 0-29 25 12.0 13.8 18.7 36.9 22.8 15.3 
2 (-30 25 13.5 19.5 17.1 24.0 22.2 12.9 
() (-31 25 10.2 18.0 26.7 21.5 16.2 
g 51 24 17.9 
Average 30.3% 11.7* 13.8 14.6 17.2 29.4 20.6 14.9 
SD. OLD +1.8 +2.3 +25 +1.5 +6.3 +23 +13 
6 Literature : 
? valuey 28.9 11.1 14.2 15.09 20,8 29.7 20.3 16.6 11.0¢ 
1 SD. +3.7 +2.3 +2.4 +4.2 +4.9 +4.6 +3.6 +34 
: WOMEN 
7 0-33 18 a : 14.4 124 £4126 35.4 16.5 11.1 10.5 
1 0-34 3 14.1 14.4 22.8 24.9 16.5 12.8 13.5 
6 (35 22 13.8 Ma 18.3 21.9 12:3 10.5 15.3 
0-36 3 13.8 11:7 16.2 29.1 13.5 13.2 14.1 
] (-37 32 12.3 13.8 25.3 227 17.4 13.5 19.5 
1 (-3 2) 14.1 13.5 17.3 29.1 19.2 10.8 11.4 
“2 (1-39 19 15.0 15.0 27.4 23.7 22.2 11.7 12.9 
9 40) 28 14, 13.6 13.2 28.8 21.9 13.5 9.9 
— C4) 2] 12.3 18.0 15.2 29.4 18.9 15.6 
42 19 13.2 12.3 24.7 23.1 16.8 11.1 18.6 
(43 20 10.8 14.1 25.2 40.2 19.8 11.1 150 
va 21 12.6 10.5 20,2 26.4 16.5 14.1 8.7 
2 12.3 11.7 17.4 11.4 
= 20 12.0 13.2 
nee 27.8* 118° 132 13. 19.8 28.4 17.6 12.3 12.6 
+4.6 +2.2 +1.2 +1.9 *5.0 +5.1 +2.7 £15 +2.8 
Literature ~ ~ per Reare re ee ‘ 
ont 26.7 9.8 14.0 14.2 18.9 28.9 15.8 14.1 
a +3.6 +1.1 +0.8 +4,3 +3.9 +3.2 +2.1 +1.7 








* 7 

Ackermann and co-workers.” 
tHier and Bergeim.' 
iSteele, and co-workers.? 


Previously published, 
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The average plasma amino acid levels of the old and young men and women 
are compared in Table IV. The standard errors of the differences between two 
means were calculated.* In the usual manner differences greater than three 
times the standard error were classed as statistically significant.® 


TABLE IV. COMPARISON OF PLASMA AMINO AciD LEVELS IN YOUNG aND ELDERLY PERSONS 
(IN MICROGRAMS PER MILLILITER) 





























TRYPTO-| HISTI- | TYRO- | THREO- | ISO- 
VALINE] PHANE | DINE | SINE NINE | LYSINE| LEUCINE | LEUCINE |GLYCINE 
MEN 

Old 

Average 25.0 10.3 155 11.9 16.3 22.6 16.0 11.1 14.5 

value 

S.D. +25 +2.0 at He | +2.4 *4.6 a +2.8 42.7 +4,2 
Young 

Average 30.3 11.7 13.8 14.6 172 29.4 20.6 14.9 

value 

$.D. +2.2 +1.8 525 125 ob +63 +9.3 713 
Difference 5.3 -1.4 $1.7 -2.7 40.9 ~6.8 ~4.6 -3.8 i 
Standard +09 +0.7 +1.0 +1.0 i +25 +0.9 S07 

error j 

WOMEN 

Old 

Average 24.4 9.1 16.1 12.7 20.4 21.0 16.3 10.1 15.3 

value 

8.D. +4.9 +2.3 +2.2 arts Ye f +4,9 253 +3.0 sr Df +35 
Young 

Average 27.8 11.8 13.2 13.3 19.8 28.4 17.6 12.3 12.6 

value 

8.D. +4.6 492 12 +1.9 +5.0 $5.1 ms FY f TA +2.8 
Difference —3.4 —2.7 +2.9 ~0.6 +-0.6 ~7.4 -1.3 -2.2 +27 
Standard +17 +08 +07 +153 +40) +2.1 213 +0.6 a 

error 





In comparing the old with the young men we found the free amino acid 
levels to be significantly lower in the old for valine, leucine, and isoleucine. 
The women showed lower values for tryptophane, lysine, and also for isoleucine. 
NMistidine, however, was found to be significantly higher in the old women in 
comparison with the young ones. 

Since we had an appreciable number of both sexes for the old as well as 
for our young subjects, we pooled the data of all the old adults in order to 
compare them with the results obtained from all the young adults. (See Table 
V.) It may be noted that out of eight amino acids five were significantly lower 
and one higher which was actually the sum of all the amino acids that we found 
significantly different in either the elderly men or the women. Glycine was 
not included in the calculations since we had no results of male controls from 
our own laboratory. 


DISCUSSION 
The changes of the amino acid pattern in elderly people afflicted with de- 
generative diseases may be noted in Fig. 1. The average plasma concentra- 





o? o? 


X1 + Xe 


*Formula used: op = 
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TABLE V. COMPARISON OF POOLED DATA OF PLASMA AMINO ACID LEVELS 
(IN YOUNG AND OLD PERSONS) 
















































TRYPTO-| HISTI- | TyRO- | THREO- 1SO- 
VALINE | PHANE | DINE SINE NINE | LYSINE] LEUCINE | LEUCINE |GLYCINE 
a OLD MEN AND WOMEN 
Average 24.8 9.9 15.7 12.2 17.8 22.0 16.1 10.7 14.8 
value 
8.D. +3.6 +2.2 +2.5 +3.0 +51 +4,] +3.0 42.5 +4.0 
YOUNG MEN AND WOMEN 
Average 986 118 134 #2138 #2188 £285 18.9 13.3 12.6 
value 
8.D. +4,2 +2.0 £17 +2.2 +4,2 +5.7 +2.9 +1.9 +2.8 
Difference -3.8 -1.9 +2.3 -1.6 —1.0 —6.5 —2.8 -2.5 +2.2 
Standard + .99 f 50°. -@.xb4 + 66 +126 +146 a 16 ee +1.03 
error 
Significance - - + 0 0 - - ~ q 
MICROGRAMS 
PER CC 
30 4 MALES —— YOUNG ?:;'s 
FEMALES----- 
25 4 
20 4 
Vee 
1o 4 
w ¥ y 2 
oS w 2 FA F m7 4 3 
3] 3} 3 Hf gl ff og 
$ 3 ot - a Fr 2 











Fig. 1.—Average amino acid plasma concentrations in young and old men and women. 


tions for each amino acid and each age group were plotted for both sexes. All 
the men are represented by solid lines, the women by broken lines. Thus, we 
obtained two areas, dotted for the young and black for the old subjects, the 
widths depicting the range of the two sexes for each age group. The arrange- 
ment of the enumerated amino acids was, of course, arbitrarily chosen and any 
other sequence could have been selected. 

In comparing the two areas, the black one representing the old adults 
shows a consistent decrease in the concentrations of valine, lysine, leucine, iso- 
leucine, tyrosine, and tryptophane, and an increase in the histidine. The 
Width of the area for these amino acids is narrow because the average concen- 
trations for each of the enumerated amino acids approach each other for the 
two sexes in the old at least as much as in the young. The same amino acids 
Were significantly altered in the correlation of all the old with all the young 
subjects. (See Table V.) 
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The statistical evaluation when old and young subjects were separated 
into sex groups revealed that the changes in the amino acid concentration, al- 
though present in both sexes in the old, were not equally significant. (See 
Table V.) Thus, we found in the men a decrease in valine, leucine, and isoleu- 
cine only. In the women tryptophane, lysine, and isoleucine were decreased 
while histidine was significantly increased. 

It is obvious, therefore, that if one or the other sex in the elderly subjects 
was a large majority in a group of patients tested, significant changes in the 
amino acid concentrations pertaining to the opposite sex would remain un- 
revealed. For this reason, in a similar study on twenty-three old subjects of 
which only five were women we found the same results as in our findings on 
men alone, that is, a decrease in valine and accordingly no significant changes 
of the histidine and the tryptophane plasma levels.? 

At this time no conclusions can be drawn as to a possible clinical signifi- 
cance for the different amino acid pattern in the plasma of old people. 


SUMMARY 


Nine amino acids were studied in the plasma of forty-one old people 
(twenty-six men and fifteen women) and also in twenty-three young subjects 
who were used as controls. 

For all the assays the microbiologic technique was employed and it was 
learned that in the old the average concentrations were significantly lower for 
valine, tryptophane, lysine, leucine, and isoleucine, and higher for histidine. 
Threonine, tyrosine, and glycine were not significantly altered. 

The mean concentrations of the different amino acids in the twenty-six 
old men approached closely those of the fifteen old women except for threo- 
nine, but the difference was not significant. 

A correlation of young and old subjects of the same sex revealed that some 
of the changes that were found in the amino acid concentrations in all the old 
people were not equally significant for both sexes. In the men (twenty-six older 
ones compared with nine young ones) the lowered average concentrations of 
their amino acids in the blood plasma were significantly decreased only for 
valine, leucine, and isoleucine. A comparison of the amino acid pattern of fif- 
teen old with fourteen young women disclosed that of their decreased amino 
acid levels only tryptophane, lysine, and isoleucine were significantly lower, 
while there was a significant increase in histidine. 
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THE TRYPSIN INHIBITOR OF THE URINE IN HEALTH 
AND DISEASE 


JEORGE H. L. DiLuarb, M.D. 
CHARLOTTESVILLE, VA. 


N A previous paper! it was shown that the concentration of the blood plasma 
trypsin inhibitor increased in diseases involving destruction of tissue 
or after surgery. Preliminary attempts to correlate the inhibitor content of 
the plasma and urine were unsuccessful. The trypsin-inhibiting action of 
urine has been known for many years” * * but a search of the literature showed 
that little systematic work has been done with this urinary inhibitor. This lack 
of information probably was due in part to the variable results obtained with 
crude trypsin preparations. 
This investigation deals with urinary trypsin inhibitor content of normal 
and diseased persons. 


METHODS 


Healthy male and female medical students and members of the staff served as con- 
trols. Urine specimens were collected for periods of approxmiately eight hours and repre- 
sented the time from retirement at night to arising in the morning. A second specimen 
was collected to cover the first three-hour period after arising; in several instances hourly 
collections were made. These collections were made by each control] subject for at least two 
successive days. Urine specimens of hospitalized patients were collected under toluene dur- 
ing the period from 7:00 P.M. to 7:00 A.M, Specimens were collected from each patient on 
successive nights whenever possible. Urines giving a positive acetic acid-heat test for pro- 
tein were not analyzed. 

The trypsin inhibitor content was determined by the procedure used for plasma.1 Each 
specimen of urine was adjusted to pH 7.4 with either dilute acetic acid or NaOH and 
aliquots were diluted serially with 0.85 per cent NaCl buffered to pH 7.4 with M/20 phos- 
phate. The amount of urine which caused 50 per cent inhibition of 0.02 mg. crystalline tryp- 
sin* was considered to contain one unit of trypsin inhibitor. The urine volume containing 
one inhibitor unit varied from 0.2 to 0.8 ml. in the controls and from 0.003 to 0.8 ml. in the 
patients. The results were expressed as inhibitor units excreted per hour. 


RESULTS 
The average hourly inhibitor contents of the overnight specimens of urine 
of thirteen healthy individuals between 19 and 35 years of age (ten men, three 
women) varied from 39 to 256 units. The greatest variation in inhibitor con- 
tent for the night specimens of a given individual collected on two consecutive 
days was 5 per cent, and in one person random specimens collected over 4 
period of three months varied as much as 20 per cent from the average value. 


From the Biochemical Laboratory, Medical School, University of Virginia. 
_ This investigation was supported by research grants from the National Cancer Institute, 
United States Public Health Service. 
Received for publication, April 24, 1950. : 
*Worthington Biochemical Laboratory, Freehold, N. J., product, containing approximately 
50 per cent MgSO.. 
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The average hourly inhibitor contents of urine specimens collected from 
healthy individuals during the first three hours after arising in the morning 
were from four to nine times greater than the values obtained for the over- 
night specimens. Appreciable variations in the inhibitor content of these 
morning specimens may be seen in a single individual on consecutive days. 

In one person, specimens of urine were collected overnight and at hourly 
intervals during the day for five consecutive days and each sample was analyzed 
for its inhibitor content. The results, presented in graphic form in Fig. 1, show 
the increase in values during the morning and the gradual decrease during the 
afternoon toward the basal night range. The change in inhibitor content does 
not appear to be influenced by diuresis or by meals. 
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Fig. 1.—Urine trypsin inhibitor excretion range of a healthy subject during five successive days. 


One control subject (G. D.) collected an overnight specimen during the 
onset of an upper respiratory infection accompanied by sore throat, fever, 
and malaise. The inhibitor content excretion per hour was six times greater 
than normal. During the following three days the values for the inhibitor con- 
tents of the nightly urines remained elevated despite the disappearance of the 
signs and symptoms of infection. The values did not return to this subject’s 
control range until the fifth night. It is of some interest to note that the in- 
hibitor contents of the overnight specimens were consistently greater in per- 
sons with malaise. 

The inhibitor units excreted per hour in the overnight urine of eleven 
patients with carcinoma with and without metastases (stomach, lung, rectum, 
breast, cervix, and ovary), five patients with virus disease (three pneumonitis 
and two hepatitis), and five patients with bacterial disease (four pneumonia 
and one meningitis) are presented in Table I. The values in ten carcinoma 
cases were within the control range and in one patient they were slightly elevated 
(280). The values in a ease of myeloid leucemia varied between 1,400 and 
1,600 units per hour in five random determinations made over a three-week 
Period. The inhibitor contents were within the control range for the patients 
With virus diseases while these patients were febrile. Markedly elevated values 
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TABLE I. AVERAGE Hourty INHIBITOR CONTENTS OF OVERNIGHT SPECIMENS OF URINE FROM 
PATIENTS WITH A VARIETY OF DISEASES 














~ 7 INHIBITOR (UNITS PER HR. ) a 











DISEASE MINIMUM | MAXIMUM | AVERAGE 
Carcinoma (11) ones 62 : 280 164 
Pneumonitis and hepatitis (5) 45 260 127 
Pneumonia and meningitis (5) 1,540 12,083 5,726 





Figures in parenthesis represent number of patients studied. 
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Fig. 3.—Urine trypsin inhibitor excretion in a case of rheumatic fever. 


for the inhibitor contents were observed in patients with pneumonia and men- 
ingitis at the time of admission to the hospital. A detailed study of Patient 
M. W. with pneumococcal meningitis is shown in Fig. 2. The changes observed 
are typical for all these patients after favorable responses to therapy. In these 
patients, the urinary inhibitor content appears to parallel the decrease in tem- 
perature. 

Details of the variations in inhibitor content over a period of five weeks 
in a Severe case of rheumatic fever are shown in Fig. 3. The large increases 
in the inhibitor contents in this patient were not associated with any discernable 
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clinical manifestations of the disease. Another patient admitted to the hospital 
because of a rheumatic carditis was studied for two weeks. Her urinary inhibi- 
tor content varied between 1,300 and 2,100 units. In both cases salicylates 
were given without appreciably affecting the course of the disease or the in- 
hibitor content of urine. No evidence of bacterial infection could be determined 
in these two patients. The changes in the inhibitor content were not related to 
the variations in temperature. 
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Fig. 4.—Urine trypsin inhibitor excretion in a case of pulmonary tuberculosis. 
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Fig. 5.—Urine trypsin inhibitor excretion after operation. 


The inhibitor contents of the urine of two patients with active tuberculosis 
were within the control range. Because of the continued elevated temperature, 
the urine of Patient J. S. was studied at frequent intervals (Fig. 4). During 
the patient’s first week in the hospital, the inhibitor content remained in the 
control range. At this time, x-ray studies showed the development of a pul- 
monary lesion which subsequently became progressively larger and was asso- 
ciated with elevated inhibitor values. During this period, penicillin had no 
beneficial effect on the course of the disease. Streptomycin administration 
cause a dramatic but temporary improvement during which time the temperature 
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and urinary inhibitor decreased. Finally, surgical intervention was deemed 
necessary due to the patient’s condition, and it was found that the patient had 
a lung abscess resulting from bronchial obstruction produced by a tuberculous 
lymph node. The temperature rose and the inhibitor reached its highest level 
just before operation. 


The effect of surgery on the excretion of trypsin inhibitor is shown in 
Fig. 5 for two patients after (a) partial gastrectomy and (b) palliative jeju- 
nostomy. The inhibitor excretion is greatest during the first postoperative night 
and returns to the control range within a few days. Results similar to those 
obtained after jejunostomy were obtained in patients after a radical mastectomy 
and after removal of an ovarian carcinoma. The rapid return of the urinary 
inhibitor content to the control range after major surgery is interesting in view 
of the resulting extensive trauma. The inhibitor content of the urine re- 
mained elevated for nine days in a case of pneumonectomy complicated by 
postoperative pleural effusion and fever. 


DISCUSSION 


The experimental data in this paper do not give any information which 
would allow a correlation between urinary trypsin inhibitor content and meta- 
bolic activity or disturbance. Diurnal variations in the urinary excretion of 
the inhibitor in the normal individual do not appear to be associated with the 
ingestion of food or with varying degrees of activity. Pincus’ has described 
similar variations in the urinary excretion of 17 ketosteroids. The urinary 
content of this inhibitor is not necessarily increased with fever or necrosis since 
the values observed in patients with virus pneumonia, carcinoma, or tuberculosis 
were within the control range.’ Increased excretion is demonstrable in bacterial 
pneumonia, rheumatic fever, meningitis, and after surgery. At present no 
adequate explanation for these results is possible. 

In a previous paper’ it was observed that the trypsin inhibitor concentra- 
tion of the plasma is elevated in practically all diseases in which fever and 
tissue destruction occur. No relationship could be established between the 
inhibitor concentration of the plasma and the excretion of the inhibitor in the 
urine. This lack of correlation is particularly striking in patients with cancer. 

Preliminary experiments indicate that the trypsin inhibitor in urine is a 
mucoid. It is interesting that Lineweaver and Murray* demonstrated that the 
antitryptic material in egg white is a mucoid. 


SUMMARY 


A method for the determination of the trypsin inhibitor of urine is de- 
scribed. 

The average hourly contents of trypsin inhibitor in urine collected dur- 
ing the night are presented for healthy and diseased persons. No increase in 
values is observed in cases of carcinoma, virus disease, and pulmonary tuber- 
culosis. Marked increases in the trypsin inhibitor content are observed in pa- 
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tients with pneumococcal and streptococcal infections and with rheumatic fever. 
Following major surgical procedures, the inhibitor excretion is markedly 
elevated during the first few postoperative days. 

In healthy subjects, the inhibitor content of the urine increases during the 
morning and decreases slowly during the afternoon. These changes are not 
influenced by diuresis or food intake. 

The author is indebted to Jeanne A. Dillard for technical assistance and to Dr. Alfred 
Chanutin for advice and encouragement. 
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ARTIFICIAL KIDNEY 
III. ELIMINATION OF VASODEPRESSOR EFFECTS DUE TO CELLOPHANE 


LEonARD T. Skeaas, Jr., Pu.D., JAck R. LEONARDS, PH.D., 
CHARLES HEISLER, B.S., AND JOSEPH R. KAHN, M.D. 
CLEVELAND, OHIO 


ECENT interest in the use of continuous external dialysis of blood (arti- 

ficial kidney) in the treatment of acute renal insufficiency” * * * suggests 
the need for a careful study of all phases of the procedure. In a previous pub- 
lication’ describing the operation of an improved artificial kidney in dogs, we 
noted that several animals reacted to the procedure with vomiting, shivering, 
diarrhea, and a considerable fall in blood pressure which lasted for one to 
three hours. As the number of animals used in these experiments increased, 
and as the apparatus and techniques improved, these effects became more no- 
ticeable. In the last thirty experiments there were severe reactions in ten 
cases in which the blood pressure fell to 60 mm. of Hg or lower where it 
remained for one to three hours. In another five of these thirty cases there 
was a fall in the blood pressure of 20 to 40 mm. of Hg which lasted from a few 
minutes to one hour, and in the remaining fifteen experiments there were no 
significant blood pressure changes. In all instances the blood pressure even- 
tually returned to normal leve!s even though the dialysis was continued. The 
dogs later appeared to have been little affected by the over-all procedure. 

In an attempt to discover the cause of this fall in blood pressure, experi- 
ments have been conducted using the same procedure as in the thirty experi- 
ments just cited with the exception that a bottle of dog blood was substituted 
for the artificial kidney. In this manner all of the factors which may have 
keen responsible were simultaneously tested with the exception of the artificial 
kidney. The factors tested included the drugs used for sedation, a large shunt 
between femoral artery and vein, the usual amount of rubber tubing, and 400 
to 600 ml. of heparinized donor dog blood. In fifteen such experiments no 
harmful effects were observed. Therefore, the source of the difficulty appeared 
to be within the artificial kidney where the blood being dialyzed was in contact 
with a very large area of cellophane. 

As the result of experiments in which the Kolff artificial kidney’ was ap- 
plied to dogs, Vanatta, Muirhead, and Grollman® were led to a similar conclu- 
sion, and to the belief that the commonly available dialyzing membranes are 
‘not inert, but possess chemically active groups which react with the blood.” 
the Picea Pio sv ae Western Reserve University Medical School, and 
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It appeared to us that the cellophane might rather contain substances difficult 
to extract but highly toxic, which slowly wash into the animal’s blood during 
dialysis. Therefore an attempt was made to prepare aqueous extracts of cello- 
phane which when injected intravenously into dogs would simulate the reac- 
tions seen during dialysis. 

In general such extracts were prepared by immersing 100 sheets of cello- 
phane (DuPont No. 300 nonmoisture proof, 12 in. by 18 in.) in 12 liters of 
water at room temperature for twenty-four hours, or at 100° C. for one hour. 
The aqueous extracts thus obtained were evaporated to 100 ml. or less under 
reduced pressure at a temperature less than 30° C. Following the addition of 
sufficient NaCl to establish proper tonicity, these concentrates were injected 
intravenously into dogs anesthetized with sodium pentobarbital. Mean blood 
pressure was recorded from the femoral or brachial artery using a mercury 
manometer. 

The intravenous injection of cellophane extracts prepared as described 
usually resulted in a marked drop in blood pressure, often to 30 or 40 mm. of 
He, which gradually returned to normal over a period varying from ten 
minutes to an hour. A typical response is shown in Fig. 1. 

Commercial cellophane contains glycerine, urea, and certain ‘‘sizing’’ 
materials’ which prevent cohesion and is not pure cellulose as is stated in 
some textbooks. In order to determine if these additives could have been re- 
sponsible for the depresser properties, extracts were prepared from a special 
cellophane which contained no ‘‘sizing’’ or other additions.* These produced 
the same effects as extracts of ordinary cellophane. Similar results were ob- 
tained when extracts of Visking ‘‘No-Jax’’ sausage casing were injected, so 
that the effects are not limited to cellophane manufactured by one particular 
process. 

There were tremendous variations in the response of different dogs to 
similar cellophane extracts. Even in the same dog the response to repeated 
injections was variable. In many cases the animal would become refractory 
following the first injection. Despite these difficulties it was possible to deter- 
mine that washing the cellophane in hot water (55° C.) for as long as forty-eight 
hours was not sufficient to remove all hypotensive substances. Successive ex- 
tractions with boiling water continued to yield hypotensive extracts. Fig. 2 
shows the result of the injection of an active extract made after the cellophane 
had been previously extracted with boiling water four times for one hour each 
time. However, if the cellophane is extracted with boiling water for twelve to 
fifteen hours, then no further depressor extracts could be obtained. This 
treatment decreases the weight of the cellophane by about 20 per cent and 
reduces the total nitrogen content from about 5 per cent to less than 0.1 
per cent. 

There is no direct evidence that the depressor substances extracted from 
cellophane by boiling water are responsible for the fall in blood pressure ob- 
served when some dogs are dialyzed with the artificial kidney. However, it 





e *Kindly supplied by Mr. W. G. Hunter, Cellophane Division, E. I, DuPont DeNemours & 
ompany, Wilmington, Del. 
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seemed advisable to remove any extractable compounds from the cellophane 
before its use. This was accomplished by winding the cellophane on a special 
rack, immersing it in boiling distilled water for twelve to fifteen hours, chang- 
ing the water, and boiling again for four hours.* The cellophane then was 
stored wet in the refrigerator until needed. Using cellophane prepared in this 
manner, twenty-two dialyses in fifteen dogs have been conducted with only 
two reactions which were of a relatively minor nature. Visible hemolysis has 
never been observed during dialysis with either treated or untreated cello- 
phane or following injection of any type of cellophane extract into dogs. 

The demonstration of depressor substances in cellophane is of importance 
in interpreting the possible effects of dialysis in human beings. Although the 
reports in the literature’ ® * 4 on the use of an artificial kidney in human beings 
do not emphasize any lowering in blood pressure, careful examination of case 
records shows that the procedure occasionally had to be interrupted because 
of low blood pressure or other undesirable reactions.” * * It should also be 
kept in mind that the cellophane may possibly be responsible for other unde- 
sirable reactions occurring during dialysis. The effect of contact of blood with 
the cellophane must be eliminated before interpreting any decrease in blood 
pressure as a result of dialysis. 


SUMMARY 


The use of an artificial kidney in dogs frequently resulted in reactions 
consisting of vomiting, shivering, diarrhea, and a prolonged fall in blood pres- 
sure. These reactions appeared to be due to the contact of the dog’s blood 
with the cellophane. Aqueous extracts of cellophane were prepared which 
produced similar reactions when injected intravenously into dogs. These 
hypotensive substances could be removed from the cellophane by extraction 
with boiling water for twelve to fifteen hours. The use of such treated cello- 
phane in the artificial kidney almost completely eliminated undesirable reac- 
tions in the dog during dialysis. 
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BENEMID AND CARINAMIDE: COMPARISON OF EFFECT ON 
PARA-AMINOSALICYLIC ACID (PAS) 
PLASMA CONCENTRATIONS 


WituiAm P. Bocer, M.D.,* Forrest W. Pitts, M.D.,t AND 
Martin E. GALLAGHER, M.D.t 
PHILADELPHIA, PA. 


HE enhancement of penicillin plasma concentrations by carinamide has been 

well established,’~* and the nontoxicity of carinamide is attested to by broad 
clinical experience.’ The fact that carinamide enhances the plasma concentra- 
tions of p-aminosalicylic acid (PAS) two to four times is less well documented® * 
than is the effect of carinamide on penicillin, but the observation seems to be 
equally important. 

During the original investigations of carinamide with regard to its effect 
on penicillin plasma concentrations, a study of the effect of carinamide on the 
plasma concentrations of PAS was made in an effort to throw light upon the 
possible mechanism of action of carinamide. Even though a two- to fourfold 
increase of PAS plasma concentration was demonstrated, the observation has 
not proved to be of practical importance for the reason that the daily dose of 
carinamide is inconveniently large (24 Gm. per day) and the daily dose of 
PAS is also large (12 to 16 Gm. per day). Both drugs in the indicated doses 
give rise to nausea and vomiting and there seems to be little advantage in 
administering them concurrently. 


MATERIALS AND METHODS 


A more favorable picture is presented by a new compound, p-(di-n-propylsulfamyl)- 
benzoic acid, Benemid,t which in preliminary studies has been shown to produce two- to 
fivefold increases in plasma concentrations of penicillin’ and two- to fourfold increases of 
plasma concentrations of PAS® when given in a daily dose of 2 grams. Since such a small 
daily dose administered orally appeared to accomplish the same results as previously reported 
for carinamide in a much large daily dosage, it seemed desirable to compare the effects of 
carinamide and Benemid on the plasma concentrations of PAS. 

In studies here reported, each patient has served as his own control and all patients 
were free of demonstrable hepatic, renal, and cardiac disease. Blood samples were drawn 
into heparinized syringes; the cells were separated by centrifugation; the plasma was harvested 
and stored at -20° F. until chemical determinations were performed. Determinations of PAS 
were done by the method of Way! and carinamide determinations, by the method of Ziegler." 
Neither Benemid nor carinamide interferes with PAS determinations because neither com- 
pound presents a free amine group for reaction in the Way method. 

From the Philadelphia General Hospital. 

Received for publication, April 28, 1950. 

*Assistant Visiting Physician. 

yResident in Medicine. 


tSharp and Dohme’s trademark for p-(di-n-propylsulfamyl)-benzoic acid. Tentatively 
the generic designation “probenicid’ has been assigned to Benemid. 
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RESULTS 


In Fig. 1 may be observed the influence of 3 Gm. of carinamide administered 
intravenously on the plasma concentrations of PAS resulting from the oral 
administration of 2 Gm. of sodium PAS (NaPAS). Each of the five patients 
studied were given 2 Gm. of NaPAS orally and the plasma concentrations of 
PAS were determined at one-half, one, two, three, and four hours after the dose. 


PLASMA CONCENTRATIONS AFTER 2 GMS. ORAL SODIUM PAS 
MODIFIED BY 3 GMS. INTRAVENOUS CARINAMIDE 
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Fig. 1. 


On another occasion, each patient received 2 Gm. of NaPAS orally and at the 
Same time 3 Gm. of carinamide were injected intravenously (administered as a 
I> per cent solution in seven to fifteen seconds). The plasma concentrations of 
PAS obtained under these two sets of circumstances were compared. Patients 
E.L., L. W., and W. W. showed two- to fourfold increases in plasma concen- 
trations of PAS, whereas in Patients M. F. and J. B. the increases were less 
striking. These observations were correlated with the plasma concentrations of 
carinamide and in Fig. 1 the time during which effective plasma concentrations 
of carinamide were present have been indicated. A single intravenous injection 
of 3 Gm. of carinamide gives rise to plasma concentrations of above 15 mg. per 
100 ml. for periods not longer than two hours.’ Thus, the enhancement effects 
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noted during the first two hours in all five of the patients and the lack of effect 
thereafter in two of the patients (M. F. and J. B.) can be explained only in 
part by the differences in the time during which effective carinamide concen- 
trations were maintained in the plasma. 


PAS PLASMA CONCENTRATIONS AFTER 2 GMS. SODIUM PAS EVERY 3 HOURS 
MODIFIED BY 3 GMS. CARINAMIDE EVERY 3 HOURS 
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Intravenous administration of single doses of carinamide results in effective 
plasma concentrations of carinamide for short periods, while repeated oral 
administration of the drug establishes in the majority of the patients a sustained 
level of carinamide that is effective. On 24 Gm. of the drug a day, adminis- 
tered as 3 Gm. every three hours, most patients stabilize the carinamide con- 
centration in a range between 20 and 40 mg. per 100 milliliters.%* Accordingly, 
three patients were given 2 Gm. of NaPAS alone every three hours for forty- 
eight hours and on another occasion, these same patients were given simul- 
taneously 2 Gm. of NaPAS and 3 Gm. of carinamide every three hours for 4 
period of forty-eight hours. After each period of medication, plasma concen- 
trations of PAS were determined at one-half, one and one-half, and three hours. 
A comparison of the resulting plasma concentrations is presented in Fig. 2. The 
twofold increase of PAS plasma concentrations caused by carinamide is obvious. 
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Thus, in Fig. 1 may be seen the effect of a single intravenous dose of carinamide 
7 on the plasma concentrations of PAS resulting from a single 2 Gm. oral dose of 

NaPAS, and, in Fig. 2, the effect of repeated doses of carinamide on the plasma 

concentrations of PAS resulting from repeated doses of 2 Gm. of NaPAS. 


PAS PLASMA CONCENTRATIONS AFTER 4 GMS. SODIUM PAS 
MODIFIED BY PRE-MEDICATION WITH 3 GMS. CARINAMIDE EVERY 3 HOURS 
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The data showing the effect of premedication for twenty-four hours with 
carinamide on the plasma concentrations of PAS resulting from a single oral 
4 (im. dose of NaPAS are presented in Fig. 3. The average results from seven 
patients show that there was no significant difference between the plasma 
| concentrations of PAS observed at one-half and two hours after a 4 Gm. dose of 
NaPAS. This finding is probably a reflection of the time required for PAS to 
, distribute itself within the body fluids. Thereafter, at four, six, and eight hours, 
- two- to fourfold increases of the plasma concentrations of PAS were observed 
- under the influence of carinamide. 

Six of the same patients who were given carinamide for twenty-four hours 
prior to the administration of a single 4 Gm. oral dose of NaPAS were given the 
new compound Benemid in a dose of 0.5 Gm. every six hours for twenty-four 
hours prior to the oral administration of a single oral 4 Gm. dose of NaPAS. 
. Examination of the individual data Fig. 4 shows that in two patients (F. M. 
and C. S.) Benemid resulted in a greater enhancement of the plasma concentra- 
; tion of PAS than did carinamide ; two patients (P. S. and F. L.) showed almost 
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PAS PLASMA CONCENTRATIONS AFTER 4 GMS. SODIUM PAS 
MODIFIED BY REPEATED DOSES OF 'BENEMID' AND CARINAMIDE 
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identical effects; and two patients (H. J. and J. M.) showed a greater effect of 
carinamide. The average results from the six patients who received carinamide 
and Benemid on two separate occasions are presented in Fig. 5, and the equality 
of the effects of these two agents on the plasma concentrations of PAS is strik- 
ingly demonstrated. With Benemid, just as with carinamide, there was no 
significant difference in the plasma concentrations of PAS observed at one-half 
and two hours after the administration of the single oral dose of 4 Gm. of 
NaP AS, and the time required for distribution of PAS in the body fluids appears 
to be the most reascu.able explanation of this finding. Thereafter at four, six, 
and eight hours two- to fourfold increases of PAS plasma concentrations were 
observed with both Benemid and carinamide. The difference in the daily doses 
of the drugs required to produce this effect should be emphasized, 2 Gm. per 
day for Benemid and 24 Gm. per day for carinamide. 


DISCUSSION 


The original idea of the mode of action of carinamide on the excretion of 
penicillin was that there was competitive inhibition of a system of enzymes 
concerned with the excretion of drugs by the renal tubules. More recently 
it has been proposed’® that carinamide inhibits an enzyme system or systems 
that are concerned with the conjugation of certain compounds with glycine or 
other metabolites, and, assuming that the conjugated forms of these substances 
are excreted more readily than are the free and unconjugated forms, that the 
drugs are conserved within the body for longer periods of time in the presence 
of carinamide. Despite the proved pharmacologic activity of carinamide and 
its capacity to retard the excretion of both penicillin and PAS, the large daily 
dosage required to produce these effects and the incidence of nausea or vomiting 
in 15 per cent of patients’ has militated against its widespread use. In those 
conditions where very large quantities of penicillin are required (in excess of 
00,000 units per day), as in the treatment of subacute bacterial endocarditis, 
the use of carinamide is justified. 17 However, the use of carinamide for its 
enhancing effect on the plasma concentrations of PAS has little if any practical 
application because the daily dosage of each of these drugs is inconveniently 
large, and because either one (especially PAS) may cause nausea and vomiting. 

The new compound Benemid inhibits the conjugation of certain drugs with 
glycine in the same way as does carinamide, but Benemid exerts its full pharma- 
cologie effect when administered in approximately one-tenth the daily dose of 
carinamide. Single oral doses of 1 and 2 Gm. of Benemid have shown an 
enhancing effect upon the plasma concentrations of both penicillin and PAS 
for as long as eight hours, but 2 Gm. per day administered as 0.5 Gm. every six 
hours has proved to be convenient and is more effective than is the administra- 
tion of the same total quantity as a single dose.? Extensive toxicologie work in 
rats and dogs has indicated a high therapeutic index for Benemid,’® and clinical 
experience in more than fifty patients has confirmed the anticipated low toxicity 
of the compound.'* The small daily dosage, the fact that it can be administered 
at widely spaced intervals, and the nontoxicity of Benemid make it probable 
that this compound will have a practical application in the enhancement of the 
therapeutic effectiveness of PAS in the therapy of tuberculosis. 
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CONCLUSIONS 


It has been demonstrated that a new compound, p-(di-n-propylsulfamy])- 


benzoic acid, Benemid, when administered orally in a daily dose of 2 Gm. is 
capable of enhancing the plasma concentrations of p-aminosalicylie acid (PAS) 


two- to fourfold. The enhancing effect of 2 Gm. of Benemid per day has 


been shown to be equivalent to the effect of 24 Gm. of carinamide per day. The 
small daily dosage, the convenience of administration, and the low toxicity of 
Benemid appear to justify the clinical use of this drug for the enhancement of 
p-aminosalicylic acid therapy of tuberculosis. 


The authors are indebted to Dr. Peter A. Theodos, Dr. J. Kirschner, and Dr. Louis Cohen 
the privilege of studying patients on their services at the Philadelphia General Hospital. 


The authors are grateful to Mrs. Alice E. Pitt for technical assistance. 


Benemid and carinamide were supplied through the courtesy of Sharp & Dohme, Inc., 


Philadelphia, Pa. p-Aminosalicylic acid was generously supplied by Parke, Davis & Co., 
Detroit, Mich., and by Sharp & Dohme, Inc. 
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HETEROPHILE AGGLUTINATION VARIABILITY OF ERYTHROCYTES 
FROM DIFFERENT SHEEP 


Curis J. D. ZARAFONETIS, M.D., AND HaAroLp L. OstTEr, B.S. 
ANN ARBor, MICH. 


N 1932, Paul and Bunnell’ noted the presence of agglutinins for sheep red 

blood cells in the blood serum of patients with infectious mononucleosis. 
Their observation was quickly confirmed, and the so-called heterophile agglutina- 
tion reaction has since been extensively employed as a laboratory test for this 
disease. There have been a significant number of discrepancies, however, be- 
tween the clinical and hematologic findings on one hand and the heterophile 
agglutination results on the other. It was suggested recently that many of the 
difficulties were not inherent in the test but instead were due to differences in 
technique, artifacts, and errors of interpretation.” 

The purpose of the present communication is to call attention to one of the 
principal sources of error, namely, variations in the agglutinability of erythro- 
cytes from different sheep. That such differences might be present was suspected 
during preliminary studies of the heterophile antibody test. A search of the 
literature revealed that Keiper* had observed a wide range of agglutination 
titers for a serum specimen in tests with cells from nine sheep. Similar varia- 
tions were detected in tests on another serum sample with cells from four sheep. 
Because of the limited number of sera studied by Keiper, and certain differences 
in technique of test from that employed in this laboratory, the following study 
was undertaken to confirm and extend his findings. 








MATERIALS AND METHODS 


Twenty-four sera were selected for the experiment. The specimens had been obtained 
. from patients with clinical, hematologic, and serologic evidence of infectious mononucleosis. 
2 The serologic confirmation was achieved by the demonstration of a dynamic heterophile 
antibody response in tests on several sera from each patient.2. The sera from a given patient 
Were tested together against the same lot of sheep cells in order to eliminate possible variations 
as described below. 
3, Blood samples were collected from each of twenty-four Shropshire sheep at the time 
of slaughter. The collections were made in two groups of twelve each. The specimens were 
defibrinated by shaking with glass beads and stored in the refrigerator at 4° C. Tests with 


g. ted blood cells from the respective sheep were begun the day after collection. For each 

of day’s test the cells were washed with physiologic saline solution and packed by centrifugation 
in the customary fashion. No lot of sheep cells was used longer than one week from the date 

id of collection. 

nt The technique of the test employed in this study has been given in detail elsewhere.2 
Briefly, the sera are inactivated at 56° C. for twenty minutes, and 0.5 ml. volumes of serial 

“4 twofold dilutions of each are prepared in rows of test tubes. To each tube is then added 


9.5 ml. of a 1 per cent suspension of washed sheep cells. The diluent throughout is physiologic 
saline solution, The sera and cells are mixed thoroughly and incubated in the water bath at 





From the Department of Internal Medicine, University of Michigan Medical School. 
This study was made possible by a grant from the Charles Stewart Mott Foundation. 
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37.5° C. for four hours. At the end of this time a preliminary reading is made, and the 
tubes are placed in the refrigerator overnight. On the following morning another reading 
is taken immediately after removing the tubes from the refrigerator. In order to dispel any 
possible ‘‘cold agglutinin’’ effect, the test is then returned to the water bath (37.5° ©.) 
for two hours, after which the final reading is made. Readings range from 4 plus (complete 
agglutination) to 0 (none). Agglutination of 2 plus is recorded when at least half of the 
cells in a tube is estimated to be agglutinated. Any agglutination reading of less than 2 
plus is arbitrarily ignored in recording the end point titer. 


RESULTS 
Each of the serum specimens was tested with erythrocytes from twelve 
sheep at a time. Thus, Serum 1 was tested with twelve lots of cells on one day 
and with cells from twelve additional sheep at a later date. The results of the 
tests are summarized in Table I. 


DISCUSSION 


It is readily apparent that wide differences were detected with all of the 
twenty-four sera in the agglutinability of erythrocytes from the respective sheep. 
For example, the end point titers for Serum 1 ranged from less than 1:32 to 
1:128. Similarly, the titers for Sera 16 and 17 ranged from 1:256 to 1:4,096. 
It should be noted, moreover, that while the titer range was identical for these 
two sera, the number of sheep whose cells reached a given end point were not 
the same in each case. Such differences are to be noted in the test results with 
several of the sera. At first glance it might be presumed that a factor of 
agglutination variability must also be ascribed to the sera as well as to the cells. 
Further consideration, however, suggests that these apparent added differences 
may be inherent in the method of preparing serum dilutions, i.e., in geometric 
progression. Thus, a given end point is usually only an approximation of the 
true antibody titer. The potential error introduced by the dilution method is 
obviously greater as the titer increases. It appears reasonable to expect, there- 
fore, that certain variations will result when the element of dilution factor is 
added to that of differences in the agglutinability of erythrocytes from different 
sheep. 

The data obtained in the present study were submitted to statistical analysis. 
Probability distribution curves were plotted and the logarithms of these distribu- 
tions were found to be normal. The majority of the distribution lines defined 
slopes which were reasonably parallel, thereby defining approximately uniform 
logarithmic standard deviations. From these distribution lines, values were 
graphically determined for the 50 per cent probability range of sheep cell 
agglutinability with the respective sera. It can be seen in the table that the 
heterophile antibody titer of Serum 1 would be within the range of 1:55 to 
1:66 in tests with red blood cells from 50 per cent of an infinite number of sheep. 
It is also apparent that 50 per cent of cells from an infinite number of sheep 
would give titer values outside the indicated range. Similarly, values were 
graphically determined for the 95 per cent probability range of the respective 
sera. These values, together with the most probable titer of each serum, are also 
shown in the accompanying table. 
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It is believed that the more significant implications of these observations 
are: 

1. There can be no arbitrary dividing line between ‘‘normal’’ heterophile 
agglutinin titers and those which are ‘‘diagnostic’’ of infectious mononucleosis. 

2. The detection of a rise in specific antibody titer during the course of 
illness and convalescence is generally considered reliably diagnostic of an in- 
fectious disease. It is readily possible, however, to create a false rise (or fall) 
in heterophile antibody titer through the use of different lots of sheep cells on 
sera from a given patient. 

3. The ‘‘relapse’’ observed in certain patients convalescent from infectious 
mononucleosis, if based on a second increase in titer, may be due simply to the 
use of a more reactive group of sheep cells on a later serum specimen. 

4. The variations reported herein, however, do not necessarily negate the 
value of the Paul-Bunnell test. If all the serum specimens which are collected 
from a patient are saved and tested simultaneously against the same batch of 
sheep cells, a true dynamic antibody response still can be detected. To be sure, 
the magnitude of the response will vary according to the sheep cells employed, 
but the diagnostic change in antibody titer will be demonstrated. 

5. The practical validity of the preceding statement is dependent on the 
use of sheep cells which are reasonably active in the heterophile antibody re- 
action. From the data presented in the table, it is evident that cells from an 
occasional sheep may react only slightly in tests with sera from known cases 
of infectious mononucleosis. All lots of sheep cells should have a preliminary 
test with a known ’ serum in order to determine whether or not they 
are sufficiently reactive for use. 


6c 


positive’ 


6. Preliminary experiments have indicated that sheep erythrocytes obtained 
periodically from the same animal do not necessarily give a constant titer in 
repeated tests with a given serum specimen.’ Furthermore, preserved sheep 
red blood cells do not always maintain the same degree of agglutinability over 
prolonged periods of storage.*»° Thus, the conditions delineated under para- 
graph 4 must be fulfilled if a valid heterophile agglutination reaction is to be 
obtained. 

7. If it is also desired to employ guinea pig kidney absorption tests, the 
same conditions are applicable, namely, antibody dynamics must be demonstrated 
to relate the presence of antibodies to the patient’s current illness. To ac- 
complish this, it is necessary that the serum specimens from a patient be absorbed 
simultaneously and tested with the same batch of sheep cells. 

8. The use of mixed suspensions of red blood cells from several sheep, as 
advocated by some, does not seem advisable in view of the differences noted in 
this study. It probably would be even more difficult to arrive at an end point 
titer with mixed cell suspensions. 


SUMMARY 


Heterophile agglutination tests were performed on twenty-four sera from 
patients with infectious mononucleosis. In tests on each serum specimen with 
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erythrocytes from twenty-four different sheep, wide variations in agglutination 
titers were observed. The more important implications of these findings are 


discussed. 
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OBSERVATIONS ON THE ROLE OF PULMONARY CONGESTION IN 
THE PRODUCTION OF EDEMA OF THE LUNGS 


Rosert Pane, M.D.,* Harvey R. Butcuer, M.D.,+ Joun R. Situ, M.D., 
AND FRANK A. Howarp, A.B. 
St. Louis, Mo. 


ECENT experimental evidence’ has demonstrated that fluid exchange in 

the lungs follows the principles described by Starling.2. During normal 
pulmonary function, the escape of fluid into the interstitial and alveolar spaces 
by hydrostatic capillary pressure is opposed by the osmotic pressure of the 
plasma protein. Therefore, if pulmonary capillary pressure is raised in ex- 
cess of the blood osmotic tension, transudation into the lung tissue occurs. 
It has been argued for many years that this mechanism of transudation may 
be set in motion by failure of the left cardiac ventricle. The argument is 
based on the assumption that sudden failure of the left ventricle’ drastically 
reduces venous flow from the lungs, so that continuing right ventricular com- 
petence provokes intense congestion, and thence edema of the lung tissue. A 
number of investigators*'° have shown that engorgement and edema of the 
lungs can be induced by the impairment of left ventricular function. How- 
ever, in most of these studies the dynamics of flow through the lungs were 
not recorded as pulmonary edema occurred, and the role of cardiac failure in 
the genesis of the condition could not be accurately evaluated. Since it seemed 
clearly apparent that simple ‘‘overloading’’ of the left ventricle in the heart- 
lung preparation induces pulmonary edema! additional experiments were con- 
ducted for further study of the effects of myocardial insufficiency on the pul- 
monary circulation. 


METHODS AND RESULTS 


Effects of Aortic Obstruction in Animals With Intact Circulation: Modifications of 
Welch’s Experiments.—The experiments were carried out on eight dogs. The animals were 
anesthetized with sodium pentobarbital, and the right thoracic duct was isolated for deter- 
mining the rate of pulmonary lymph flow.11 The chests were opened by longitudinal incision 
under positive pressure respiration. Glass cannulae were inserted in the right and left atria 
and were connected to simple water manometers. Other cannulae were placed in a femoral 
or carotid artery, and in the right upper lobar pulmonary artery; these were attached to 
conventional mercury manometers. An ordinary screw clamp was loosely applied to the as- 
cending aorta proximal to the large arteries of the head and upper extremities. The use of 
this clamp permitted graded constriction of the vessel. In an additional experiment, Fig. 1, re 
striction of left ventricular output was secured by means of ligatures passed about the aorta, 
and around the common carotid and subclavian arteries. These vessels were ligated in cer- 
tain succession (Fig. 1). 
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TABLE I. EFFECTS OF AORTIC OBSTRUCTION 








LEFT AURICULAR 





PULM. ARTERIAL PRESSURE LYMPH FLOW 
PRESS. INCREASE INCREASE RISE 
EXPERIMENT (MM./HG) (CM./H,0) (MG./MIN. ) EDEMA 

55 5 14 Present 
56 10 27 53 Present 
57 64 91 59 Present 
59 26 52 76 
60 10 21 26 
58* 30 46 100 Present 





*Experiment in which aortic branches were ligated successively. 








Fig. 1.—Diagrammatic sketch of the heart and great vessels in situ in the dog, Liga- 
tures were placed at points / (descending aorta), 2 (left subclavian artery), and 8 (right com- 
mon carotid artery). The ligatures were tied in the order described. In most instances the 
ligation of these three vessels restricted the channels for the escape of blood to the extent of 
critically curtailing left ventricular function with resultant engorgement of the lungs. In 
previous experiments, a loose clamp was fitted about the ascending aorta (@), gradual con- 
striction of which provoked left ventricular insufficiency. Note that this clamp at site a@ is 
proximal to the brachiocephalic artery (b). 


During aortic constriction changes in the circulatory dynamics were readily followed, 


and increased lymph flow from the lungs was interpreted as indicating the onset of pulmonary 
edema.11 


After control observations had been made, aortic constriction was applied 
gradually. No effect on pulmonary circulatory dynamics was noted until 
aortic constriction became severe. However, when critical obstruction was 
achieved, striking left ventreiular dilatation oceurred. Elevation of pul- 
monary venous and arterial pressures and engorgement of the lungs developed 
rapidly. The lungs became rigid. Congestion was immediately followed by 
the acceleration of lymph flow. Histologic sections confirmed the presence 
of pulmonary edema. 
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The successive ligation of the aorta and vessels to the head and upper 
extremities in one experiment was of particular interest. The technical 
features of the experiment may be reviewed in Fig. 1. After ligation of the 
aorta distal to the left subclavian artery, the aortic blood pressure rose abruptly 
from 120 (mean) to 190 mm. Hg; however, pulmonary venous pressure rose 
very little, and an evanescent increase in lung arterial tension occurred. The 
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Fig. 2.—Effects of aortic constriction in open thorax preparation of dog with intact 
circulation. Ordinate figures represent pressure in millimeters of Hg and centimeters of water 
as well as milligrams of lymph flow per minute. Stippled columns represent milligrams of 
pulmonary lymph flow per minute. Time in minutes is recorded on abscissa. 


rate of pulmonary lymph flow was unchanged. Ligation of the left subclavian 
artery then provoked a further rise of mean arterial blood pressure (to 210 
mm. Hg) but no other changes in circulatory dynamics occurred, Occlusion 
of the right common carotid artery then produced a mean arterial blood pres- 
sure of 245 mm. Hg. Pulmonary congestion appeared rapidly. Section of 
the lungs confirmed the presence of severe pulmonary edema. 


Restriction of Left Ventricular Output in the Heart-Lung Preparation.—In order to in- 
vestigate the pulmonary edema occurring in the heart-lung circuit, measurements were taken 
of the cardiopulmonary dynamics as the ligations of vessels were carried out in setting up 
a heart-lung preparation. Dogs were anesthetized and the right thoracic ducts were isolated 
for the collection of lymph. The chests were opened and the animals were heparinized after 
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all bleeding had been controlled. Ligatures were placed about the various vessel (fig. %); 
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which were then ligated and cannulated in the usual order. Pulmonary lymph flow was meas- 
ured after each vessel had been ligated and cannulated. The procedures were carried out in 
twelve preparations, in six of which right and left atrial pressures and pulmonary and arterial 
blood pressures were recorded with water and mercury manometers respectively. 
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Fig. 3.—Sketch of the circulatory connections of a heart-lung preparation illustrating 
pressures developed at various points in the arterial outflow system. Note that the actual aortic 
blood pressure is higher (represented by solid. columns in manometer tubes) than that re- 
corded from the side arm of the aortic cannula or from the artificial peripheral resistance. 
Therefore, elevation of tension to normal mean figures, as shown by the manometers from 
the cannula or artificial resistor, may produce inordinate increases in actual aortic pressure 
with consequent left ventricular failure and pulmonary edema. 


It was repeatedly observed that cannulation and ligation of the major 
vessels could be carried out to the last step in making the heart-lung 
preparation. This step entails the ligation of the aorta (distal to the left 
subelavian artery) and the routing of arterial blood through the artificial 
peripheral resistance. Exclusive of the last procedure, congestion of the lungs 
was not visikly evident and pulmonary lymph flow was not increased. When 
the aorta was ligated and the artificial circuit thus established, the peripheral 
resistance was adjusted to 100 mm. Hg mean pressure, and the cardiac output 
was fixed at a level commensurate with the normal capacity of the ventricles 
(e.g. 400 ¢.c. per minute). With arterial resistance and cardiac output of this 
magnitude, a significant rise of pulmonary venous and arterial pressures was 
observed (Table II) and increased pulmonary lymph flow was likewise evi- 
dent. Outspoken congestion and edema of the lungs quickly ensued. Large 
quantities of edema fluid could frequently be expressed from the lung tissue. 
The changes in pulmonary circulatory dynamics in these experiments so 
closely resembled the course of events following stricture of the aorta in dogs 
with intact circulation, that it appeared certain pulmonary congestion was 
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provoked by marked overloading of the left ventricle. Therefore, it was de- 
cided to measure pressures from the aorta itself, from the side arm of the 
aortic cannula, and from the Starling peripheral resistance simultaneously. 
Aortie tension was obtained by inserting a cannula through an incision at the 
point of origin of the left subclavian artery. The recording of these pressures 
indicated a striking discrepancy between the aortic blood pressure and the 
tensions from the artificial arterial system. For example, in one experiment 
the artificial resistor registered 100 mm. Hg; pressure from the arterial can- 
nula was 130 mm. Hg, and the actual aortic blood pressure was 180 mm. Hg. 
On the other hand, when heart-lung preparations were set up where the actual 
aortic blood pressure was within normal limits (e.g. 100 mm. Hg mean), no 
ventricular overload became apparent, and pulmonary congestion and edema 


did not appear. 


TABLE II 





LYMPH FLOW BEFORE AND AFTER COMPLETION OF HEART-LUNG PREPARATION 








FLOW AFTER COMPLETION OF FLOW AFTER COMPLETION OF 
ALL PRELIMINARY STEPS HEART-LUNG 
EXPERIMENT (MG./MIN. ) (MG./M1N.) 
29 100 450 
30 4 85 
31 8 85 
33 2 20 





PULMONARY BLOOD PRESSURES AND RIGHT THORACIC LYMPH FLOW IN HEART-LUNG PREPARATICN 








LYMPH FLOW 


























PUL. ART. LT. AUR. | 
EXPERI- PRESS. PRESS. AFTER | 
MENT (MM./HG) (CM./H,0) CONTROL PREPARATION | PUL. EDEMA 

35 59 65 145 | Present 
38 36 57 6 63 | Present 
39 48 74 40 185 | Present 
40 59 84 Present 

4] 54 50 








In the original heart-lung preparations described by Starling and Jeru- 
salem,!? ‘‘arterial’’ blood pressure was measured from the side arm of the can- 
nula inserted in the brachiocephalic artery for conveying blood from tie aorta. 
No mention of the occurrence of pulmonary edema was made, although blood 
pressures of normal mean values supposedly were used. The experiments 
reported here emphasize again that the subjection of the left ventricular myo- 
eardium to undue strain, even when the increased load against the heart 
muscle may not be apparent, precipitates pulmonary congestion and edema. 
This circumstance, furthermore, lends support to the conception of other 
workers” that, if severe myocardial damage is sustained, a continued normal 
blood pressure (together with a sustained blood volume) may function as a 
gross overload to the damaged myocardium. The resultant failure of left 
ventricular output may then lay the groundwork for engorgement and edema 
of the lungs. 
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Influence of Pressure Within the Superior Vena Cava Upon Pulmonary Lymph Flow.—- 
It has been recognized that elevation of systemic venous pressure incident to myocardial in- 
sufficiency may impede the flow of lymph from the Jungs and heart into the venous system. In- 
vestigation of the effect of elevated venous pressure as an obstruction to lymphatic drain- 
age was studied by using mechanical constriction of the superior vena cava. In dogs under 
anesthesia, the right thoracic duct lymph flow was determined again.11 The thoraces were 
opened under positive pressure respiration. Venous pressures of the head and upper extrem- 
ities were recorded by cannulation of the left external jugular vein. Screw clamps were fitted 
loosely to the superior vena cava, superior to the right atrium, for the application of oc- 
clusive pressure of variable degree. In other experiments, the right thoracic duct was can- 
nulated by the method of Drinker,12 and the pressure of the pulmonary lymph was observed 
during constriction of the superior vena cava. 


The right thoracic duct usually enters the venous system by one or more 
lymphaties at the junction of the right external jugular and subelavian 
veins.11. In these experiments, the most accessible lymphatic on the right was 
incised or cannulated. Since the connection of the incised or cannulated 
lymphatic with the venous system was thereby severed, changes in lymph flow 
resulting from elevation of venous pressure were affected through the passage 
of the fluid along collateral lymphatics. In the open chest preparation, lymph 
pressure in the right thoracic duct varied from 1.5 to 34 em. of water. This 
variation in pressure was determined in part by the number of collateral chan- 
nels of the right duct system, and ‘‘lateral’’ pressures may have been ob- 
tained when cannulation or incision of a branch lymphatic was established. 
In animals with no collateral lymphaties, cannulation of a solitary vessel re- 
sulted in obstruction of the lymphatic, and the high recorded pressure was in 
reality an ‘‘end pressure.’’ 

When venous pressure was elevated by constriction of the superior vena 
cava, variations in lymph pressure were also evident. In the preparations with no 
collateral lymphatics, the initial lymph pressure was high (‘‘end pressure’’) 
and no further increase in pressure occurred even with greatly elevated venous 
tension. In animals with multiple lymphatic channels, venous hypertension 
caused an obstruction to the outflow from the collaterals and a lesser rise of 


TABLE ITI 


INITIALLYMPH | FINALLYMPH | INITIAL JUGUUAR | FINAL JUGULAR _ 








PRESSURE PRESSURE VENOUS PRESSURE | VENOUS PRESSURE 
__ EXPERIMENT (CM. H,0) (CM. H,0) (CM. H,0) (CM. H,0) 

1 1.5 13.0 0.5 . 

2 3.6 8.4 —0.95 8.3 

3 13.8 16.0 6.4 22.5 

4 15.7 17.2 ~- 28.2 

5 16.2 17.5 = 24.0 

6 34.0 33.9 4.5 11.3 





The figures of this table indicate the lymphatic pressures before and after elevation of 
the jugular venous pressure as well as pressures in other major veins from the head and upper 
extremities from clamping of the superior vena cava. The venous and lymph manometers 
were adjusted so that zero points corresponded to the hilar level. Note that in the second ex- 
periment, the rise of lymphatic pressure equalled that in the jugular vein, indicating a true 
end pressure. In the sixth experiment, the lymph pressures were consistently high, possibly 
indicating cannulation of the principal lymphatic; these pressures remained independent of 
fluctuations in jugular venous pressure. 
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pressure in the lymphatic system. The rate of flow of lymph from an incised 
lymphatic also was affected by increasing the vena caval pressure as shown in 
Table III. The augmentation of lymph flow probably represented the ob- 
structive effect of venous hypertension at the mouths of the lymphatic sys- 
tem, the incised vessel providing the only point of escape of lymph from the 
cardiopulmonary structures. Had the vessel not been incised, it is probable 
that lymph would have been retained in the lungs as the result of increased 
venous pressure. 
DISCUSSION 

These experimental] data indicate again that failure of left ventricular 
function may lead to pulmonary edema by intense congestion of the lungs. Ven- 
tricular failure was secured by sudden strain imposed through mechanical 
means, including variants of the technique of Welch.* On the other hand, there 
is ample evidence that the normal] left ventricle is able to cope with marked 


fe 


elevations of systemic blood pressure’* !® without disturbance of pulmonary 
vascular flow. Therefore, it appears that pulmonary capillary inundation occurs 
only when left ventricular function is seriously impaired, provided that suf- 
ficient venous blood is flowing to the right heart to complete the factor of pul- 
monary flooding. Although strain of the left ventricle has been the means 
most readily applied to provoke congestion of the lungs, it seems probable that 
other conditions capable of decreasing the left ventricular output might af- 
fect the same dynamic changes, if the venous return to the right heart is sus- 
tained. Accordingly, the work of Campbell and associates’ is of particular 
interest. They showed that the elevation of intracranial pressure in dogs 
may produce bradyeardia, a fall of cardiac output, with elevations of pul- 
monary venous and arterial tensions. In their experiments, the decreased 
cardiae output apparently was affected through extreme diminutions of heart 
rate; thereafter, excessive pressures were observed in the pulmonary vascular 
circuits and lung edema was considered to be present. Other evidence has 
suggested that cardiac function may be curtailed by sympathicomimetic ef- 
fects. Johnson’? found that the administration of epinephrine to rabbits 
causes acute pulmonary edema in many experiments. He reasoned that the 
drug so strained the left ventricular myocardium as to render it incapable of 
removing blood from the lungs at optimum rate; capillary flooding and trans- 
udation then ensued. It seems probable, therefore, that critical diminution of 
the output of the left ventricle will provoke pulmonary edema, whether output 
is depressed by direct damage to the heart muscle or by extraneous factors 
which reduce the work it can perform. 

It has been suggested’* that obstruction to the outflow of lymph from the 
lungs may lead to intensification of pulmonary edema and to delay of the re- 
sorption of transudates. It also has been postulated*® that brown induration 
of the lungs from long-standing passive congestion occurs in the wake of 
chronic lymphatic obstruction, as well as from engorgement of the pulmonary 
capillaries. Anatomic studies of the pulmonary lymphatics indicate™ that the 


























ROLE OF PULMONARY CONGESTION IN PRODUCTION OF EDEMA OF LUNGS 295 


lymph capillaries begin as fine vessels around the alveolar duets; lymphatic 
vessels have not been found in the walls of the alveoli themselves. Although 
the great surface of the alveolar cavities is devoid of direct lymphatic drain- 
age, it appears that the lymphatic channels at the alveolar necks become avail- 
able for drainage when the air sacs fill with fluid. 2° Drinker™® has sum- 
marized the mechanisms that are known to clear the lungs of fluid: first, ex- 
cess alveolar fluid may find its way into the lymphatics, whence it is returned 
to the blood; second, edema fluid is removed by passage directly through the 
alveolar capillaries to the blood (osmosis) or, third, by the drift of the fluid 
into the bronchi with disposal by coughing. These mechanisms for the re- 
moval of edema appear to operate rapidly and effectively if excessive active 
transudation can be controlled. The intense pulmonary edema accompanying 
heart failure® is quickly dispelled when adequate cardiac function is restored. 
Conversely, experimental exidence’ has shown that all routes of fluid escape 
are overwhelmed when pulmonary vascular pressures (and transudation) are 
critically elevated. 

Present knowledge of the vascular mechanisms of the lungs affords no 
indication of which route of fluid clearance is more effective in sweeping away 
a transudate. However, assuming the probable importance of pulmonary 
lymphatie drainage, the partial obstruction to lymphatic outflow from eleva- 
tion of the venous pressure may be of significance in heart failure. In the 
otherwise normal lung, the factor of blood osmotic tension may promptly clear 
the fluid that is retained because of lymphatic obstruction. Certainly, pul- 
monary edema was not grossly evident in the experiments where lymphatic 
blockage was established by cannulation of an apparently large, terminal 
lymph vessel. The effects of drastic reduction in the outflow of lymph under 
conditions of marked pulmonary edema can only be surmised. It seems pos- 
sible, however, that partial obstruction of the pulmonary lymph channels 
might intensify the development and retention of alveolar edema. 


SUMMARY 


Critical restriction of left ventricular output by mechanical. obstruction of 
the aorta and its principal branches leads to pulmonary congestion and edema, 
as indicated by the familiar studies of Welch.*? Mechanisms of lung edema 
formation under these conditions were reinvestigated in animals with intact 
circulation and in heart-lung preparations. It was found in both types of 
experiment that ligation of the aorta, distal to the great vessels to the head 
and upper extremities, did not curtail function of the left ventricle if blood 
could be discharged freely into the first branches of the aorta. Further re- 
striction of outflow by obstruction of these large aortic branches caused left 
ventricular failure. It was noted in the heart-lung preparation that high 
‘arterial’? pressures were engendered by the aortic cannula and _ artificial 
peripheral resistance, frequently leading to left ventricular failure. It was 
further shown that the failure of the left ventricle provoked engorgement and 
edema of the lungs if high pulmonary vascular pressures were created by con- 
tinuing right ventricular competence. 
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Pulmonary lymphatic outflows and presures were studied under the con- 


ditions of normal and elevated systemic venous tension by mechanical obstruc- 
tion of the superior vena cava. If a terminal lymphatic vessel was cannulated, 


a sustained high lymph pressure was recorded; if one of a number of collateral 
lymphaties (coursing to their emptying points in the venous system) was ean- 
nulated, pressure in the lymphatic system was elevated during the rise of su- 
perior caval pressure. The evidence therefore indicates that elevation of sys- 
temic venous pressure may offer material obstruction to the escape of lymph 


from the lungs. 
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URINARY FORMALDEHYDOGENIC CORTICOIDS: NORMAL 
VALUES AND OBSERVATIONS IN HYPERTENSION 


A. C. Corcoran, M.D., IRvinE H. Pace, M.D., AND Harriet P. Dustan, M.D.* 
CLEVELAND, OHIO 


N A previous description of a method for the determination of formalde- 

hydogenie corticoids, we exemplified its application to urine and plasma. 
The primary object of the study was the elucidation of adrenal cortical fune- 
tion in hypertension. We have therefore extended our observations on 
urinary corticoids in normal subjects, and here report with these data gathered 
from forty-six patients suffering from essential and malignant hypertension. 


MATERIAL AND METHODS 

The method used is that previously described.1 Normal subjects were laboratory per- 
sonnel and staff. Hypertensive subjects were patients under study in the ward of the Research 
Division. Definitions of essential hypertension and of this disease in its malignant phase 
(malignant hypertension) are stated elsewhere.2 

All the analyses in normal subjects were made from twelve-hour night urine samples. 
Many of those in hypertensive patients were made from pooled seventy-two hour samples. 
Consequently, we have included data bearing on the day/night comparisons of corticoid ex- 
cretion and on the variability of repeated night collections in normal subjects. 

In all, we report 142 analyses in the forty-six hypertensive subjects. Nineteen were 
single observations; in thirteen patients the observations were repeated once; in two patients 
there were three observations; in twelve there were four or more to a maximum of twenty in 
one patient. 


RESULTS 


1. Normal Subjects—Thirty normal subjects were observed, fifteen men 
and fifteen women, with twenty-three observations in each sex. 

The mean excretion in normal men is 1.04 mg. per twenty-four hours. The 
‘ange in the twenty-three observations was from 0.4 to 1.66 and the standard 
deviation (o) was + 0.39 mg. per twenty-four hours. Distribution of values 
in this group was symmetrical about the mean. 

In the women, the mean of twenty-three observations was 0.56 mg. per 
twenty-four hours. The range was from 0.17 to 1.36 (o) + 0.56 mg. per thirty- 
four hours. The coefficient of variation is greater in women and the distribu- 
tion of values around the mean is asymmetrical. 

The difference in means between the sexes of 0.48 mg. per twenty-four 
hours is statistically significant, with higher mean excretion in men. 

We had originally proposed that measurements be made on twelve-hour 
hight urine samples. The aim was the increased convenience of analyses on 
smaller aliquots. Comparisons were made of day and night excretions in nine 
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normal subjects, most of whom were women. The mean excretion by day in 
this group was 0.66 mg. per twenty-four hours and by night, 0.59 milligrams. 
Standard deviations were in each case + 0.45. The difference between these 
means is not significant, so that the use of twelve-hour night samples seems 
justified. 

The limit of accuracy of the method as we had described it is of the order 


of 0.1 mg. per twenty-four hours. In order to determine the variability of 


excretion in normal subjects, repeated observations were made in eleven in- 
dividuals. Observations were repeated twice or more in eleven, three times 
or more in six, and in one, four times. Percentilewise, the repeated measure- 
ments varied from the means in each person from 2 to 44 per cent. The mean 
percentile variation is 24 per cent. This corresponds in normal men to about 
0.24 mg. and in women to 0.13 mg. per twenty-four hours. Mean variability 
of corticoid output is therefore close to the inherent limit of the method. 

While it has been suggested* that corticoid excretion varies with urine 
volume, we were unable to establish a definite correlation. A trend toward 
higher excretions at high urine volumes which appears in our data ean per- 
haps be accounted for by small positive errors in the analysis of dilute urine 
specimens. 

2. Essential Hypertension.—Hypertensive patients were considered in four 
groups: (1) men with ‘‘essential’’ hypertension of varying but usually mod- 
erate severity, (2) women suffering from a comparable condition, (3) men 
with ‘‘malignant’’ hypertension, and (4) women with this disease. 

In seven observations in four men with essential hypertension, values 
ranged from 0.48 to 1.7 mg. per twenty-four hours. Five of the observations 
lay below the mean normal of 1.04 mg. per twenty-four hours and two were 
within the range of mean plus 2 o. 

Fifty-four observations were made in thirteen women with essential hyper- 
tension. The range of the measurements was from 0.17 to 3.7 mg. per twenty- 
four hours. Of these, six observations lay under the mean normal 0.56 mg., 
twenty-seven fell in the range of mean plus 2 o, and twenty-one observations 
ranged above mean plus 2c. Nine of the thirteen patients showed values greater 
than the mean plus 2 o; in three of these nine the levels were consistently ele- 
vated in determinations repeated at intervals of several days or weeks. 

Fifty-three observations were made among seventeen men with malignant 
hypertension. Of these one value was less than 0.26 mg. per twenty-four hours 
(mean less 2 o), eighteen lay in the range of 0.26 to 1.04, twenty-two in the 
range 1.04 to 1.82 (mean plus 2 «) and ten observations in five patients ex- 
ceeded this level. One of the five patients showing high values maintained 
them in repeated observations. 

There were twelve women with malignant hypertension. Of twenty-nine 
observations in this group five were less than the normal mean (0.56 mg. per 
twenty-four hours), seven lay in the range 0.56 to 1.28, and seventeen exceeded 
1.28 mg. (mean plus 2 «) per twenty-four hours. Among the six patients who 
showed high levels of excretion, two maintained these levels in repeated observa- 
tions. 
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In summary, our data show that levels of excretion of urinary formalde- 
hydogenie corticoids were in the normal range in four men suffering from 
essential hypertension, they were often increased beyond the normal in nine 
of thirteen women with this condition, and increased levels were found among 
patients with malignant hypertension, both men and women. 

The high levels of excretion observed in twenty of the forty-six patients 
persisted in repeated observations in six. 
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; Fig. 1.—Scatter of repeated observations around the normal means (solid horizontal 
lines) and 20 above or below the means (dotted lines). Means of the observations in each 
case are represented by short horizontal bars. 


Fig. 1 depicts results in ten patients in whom at least four observations 
were made. Mean excretions are increased in four of the seven women and 
in the three men and nine of the ten show high levels at one time or another. 
Levels were consistently normal in one patient and consistently increased 
in two, while in six the levels were unusually labile. The cause of these fluetu- 
ations was not detected, although the collections were made in the hospital 
under careful clinical supervision. 


DISCUSSION 


1. Normal Subjects——The levels of formaldehydogenie urinary corticoids 
we have found are somewhat lower than those obtained by Daughaday, Jaffe, 
and Williams‘ and higher than those of Romanoff, Plager, and Pincus’; our 
average for normal women is close to that of the ten observations made by 
Tobian® and the range here described only slightly exceeds that found by 
Mason’ who has adhered to the same procedure as ours. 

The discrepancies between the values reported elsewhere and those we 
have found may he attributed to differences in procedure. Some which may 
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be noted are (a) failure to measure the formaldehyde generated from the 
steroid as the difference between oxidized and unoxidized urinary extracts,* ° 
(b) determinations of water-soluble oxidizable material after benzene-water 
purtition,* (¢) failure to alkali wash the chloroform extract,* and (d) use of 
both acid and alkali washings.°® 

Biologic assay must remain an important reference point in the measure- 
ment of urinary corticoids by chemical methods. It is therefore noteworthy 
that the higher excretion found in men by our method corresponds with re- 
sults of biologic assays.* 

2. Essential Hypertension Among the evidences that increased adrenal 
cortical function might be associated with essential hypertension, the most 
definitive is the finding of A®*-etiocholenolone in the urine of three of six 
women with this disease. However, normal values of formaldehydogenie 
corticoid have been observed by Daughaday, Jaffe, and Williams‘ in three 
patients and by Tobian® in eight of nine. Our observations contrast with 
these negative findings in that increased excretions occurred in twenty of 
forty-six patients, were consistently demonstrated in six of these, and were 
present at times in nine of ten patients in whom observations were repeated 
four or more times. Jt seems therefore established that hypertensive disease 
is in fact often associated with increased outputs of urinary formaldehy- 
dogenie corticoids. 

The nature of this association is far from clear. The increased output 
might in the first instance be attributed to the stress of disease. However, 
we have excluded from this report observations made during any of the acute 
complications of hypertension. Further, a comparison of observations in 
women with ‘‘malignant’’ hypertension with those in whom the disease oc- 
curred in less severe form does not suggest a correlation of corticoid output 
with the greater stress of the more severe disease. The apparent difference 
between men with ‘‘essential’’ and ‘‘malignant’’ hypertension is attributable 
to the small number of observations in the former group. Thus, while stress 
is not excluded as a factor, the distribution of increased corticoid outputs be- 
tween the less and more severe forms of hypertensive disease suggests that 
it is not a major determinant. 

Recent observations indicate that a very large proportion of the urinary 
corticoids is excreted in bound form and that greatly increased yields may 
be obtained by extraction with organic solvents after hydrolysis of ester 
linkages.’° 1! The possibility arises that the increased excretions of patients 
with hypertension may reflect some inadequacy of corticoid conjugation. The 
hypercorticoiduria of hypertension would not in this case reflect an absolute 
hypersecretion.* 

The lability of corticoiduria shown in Fig. 1 and the fact that nine of 
ten patients in whom four or more analyses were done showed high levels at 


*Since this paper was submitted, we have found that treatment of urine with 
B-glycuronidase (VioBim Corp.) increases yields of formaldehydogenic steroids ten to twenty 
fold, as also, in some samples, the yield of glyconeogenic material (assays by Dr. Ralph 
Dorfman) and of presumptive C20; steroid (paper chromatography by Dr. Kenneth Savard). 
The data at hand suggest that, in hypertension, variability of excretion of the “free,” chloro- 
form-soluble fraction is greater than the variability of total steroid output and thus accord 
with the interpretation suggested in the paragraph to which this note refers. 
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some time suggest that hypercorticoiduria is more common in hypertension 
than our over-all data would suggest. Thus, in the thirty-six patients with 
less than four observations, including nineteen with single determinations, 
high levels of excretion were found in only eleven. 

Since there are no data at hand to show that the hypercorticoiduria of 
hypertension is either factitious or secondary to undue stress, it would seem 
that undue lability of corticoid excretion is commonly part of the biochem- 
ical pattern of the disease. It may be associated with the other evidences 
of vasomotor and sympathetic instability which are common in hypertension. 
To these it bears at least an analogy. Its occurrence accords with the con- 
cept of essential hypertension as a disease of multiple and complex (neuro- 
genic, renal, endocrine) pathogenesis? in which the adrenal is often involved.'” 


SUMMARY AND CONCLUSIONS 


Urinary formaldehydogenie corticoids average 1.04 mg. per twenty-four 
hours in normal men and 0.56 mg. in normal women. The difference between 
the mean excretion rates in the two sexes is significant. 

The day and night levels of urinary corticoid do not differ significantly. 
Repeated observations indicate an average variability of 24 per cent in normal 
subjects. 

Observations in patients with essential and malignant hypertension indi- 
cate that hypercorticoiduria is a common finding, since it appeared in twenty 
of forty-six patients observed in nine of ten in whom there were four or more 
observations. 

The variability of corticoiduria is increased in hypertension. 
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A RAPID TEST FOR THE SERODIAGNOSIS OF SYPHILIS 
Six YEARS’ EXPERIENCE AND IMPROVEMENTS 
F, Rappaport, Pu.D., aNb F. EICHHORN 


1943 we published a rapid test for the serodiagnosis of syphilis,’ which, be- 
sides its simplicity and speediness, has overcome several drawbacks found 
in other rapid tests, e.g. it is suited to large numbers of specimens, the antigens 
keep well and the sera must not be inactivated by heating immediately before 
use (inactivation being déne chemically by means of high salt concentration), 
tests with cerebrospinal fluid can be made, and—most important—it never fails 
to detect a positive serum. 

Neser in his publication? came to the conclusion that the results of this 
flocculation test and the Wassermann show a quantitative agreement of 90.9 
per cent and a qualitative agreement of 97.6 per cent in blood sera, and that 
no serum giving a negative rapid mastic flocculation reaction gave a doubtful 
or positive reaction to the standard Kahn test. 

Hewish and Barritt* stated also that sera known to react negatively showed 
no precipitate and that the test yielded excellent results in the examination of 
cerebrospinal fluid. 

Bloomberg* reports a comparison of the test with the standard Kahn on 
blood sera and with the Wassermann and Lange tests on spinal fluids, and 
his results support the claims, namely, that it is more rapid than most, that it 
is applicable to spinal fluid, and that it is very sensitive, thus making it good 
as a ‘‘sereen’’ test. After a detailed analysis of the disagreements, the author 
concludes that the Rappaport-Eichhorn test is more sensitive than the Kahn, 
but may be less specific. The author thinks that the Rappaport-Eichhorn test 
could be usefully added to the present tests in the following cases. 

(1) For routine tests of prospective blood donors (for this purpose, a few 
drops of finger blood are collected in a capillary tube and centrifuged after 
clotting. At the time of the test, the tube is broken at the junction of the serum 
and the clot, and a single drop of the former is transferred to a tube for testing) ; 
(2) immediately before transfusion; (3) as a routine intralaboratory check ; 
(4) as a control of treatment; (5) as a screen test. 

In his evaluation of our test in the diagnosis of syphilis of the central 
nervous system, Neser® comes to the conclusion that owing to the simplicity 
of the test and the stability of the reagents the test is very suitable for labora- 
tories where relatively few cerebrospinal fluid specimens are examined, that it 
is as sensitive and specific as the Wassermann reaction, and that it should be 
used as a confirmatory procedure on specimens which give a doubtful Wasser- 
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Seiler,” employing the Rappaport-Eichhorn technique, used the micro- 
scope for the estimation. He placed 1 drop of serum to be tested in a special 
tube and to it added 1 drop of antigen; the tube then was shaken for one-half 
minute and 1 drop of diluting fluid (Na,HPO,, 5 per cent weight in volume) 
was added. One drop was then poured onto a microscope slide and examined 
within five minutes; a positive result is indicated by large multiform flakes. 
Ile considers that the advantages are: (1) venepuncture is not required; 
(2) the technique can be carried out in any pathologic laboratory; (3) a result 
is obtained in a few minutes; (4) anticomplementary sera give no trouble; 
(5) hemolyzed serum can be used. He concludes that this test shows reagin 
changes earlier than do the Wassermann reaction and Kahn. 

Ashken’ states that the addition of Seiler’s modification of the Rappaport- 
Eichhorn test for syphilis to the array of methods for the diagnosis of syphilis 
seems to be a step forward to a more rapid and simple aid in the investigation 
of syphilis and that it will correspond with the Wassermann reaction within 
1 per cent. 

Now, after six years of experience on 110,000 blood specimens and about 
600 cerebrospinal fluid specimens we are able to repeat our original claims 
which were based on 5,100 tests performed. We found that our test can be 
relied on to combine a very high degree of sensitivity with a very high degree 
of specificity. This renders it suitable not only for exclusion of syphilis and con- 
trol of treatment, but also for the diagnosis of syphilis, the diagnosis being 
confirmed by one or two other tests (preferably one complement fixation and 
one flocculation test) or supported by clinical evidence. The tests are easily 
and rapidly carried out and therefore suitable for the examination of large 
numbers of specimens, as in serologic surveys or for mass examinations. One 
laboratory technician can test about 180 specimens in one hour.’ 

The test never failed to give a positive result on a serum positive to the 
Kahn or Meinicke test and on a cerebrospinal fluid positive to the Wassermann 
reaction. 

3ecause we have made some improvements in the preparation of the anti- 
gen and noticed the importance of a few points, we would like to describe 
here again the preparation of the antigen and the procedure as it is done in our 
laboratory. 


METHODS 


Preparation of Antigen.—Reagent 1: (a) Fresh beef heart muscle is chopped up, dried 
at 45° to 50° C. in an incubator connected with a water suction pump and then thoroughly 
ground to a powder. To 25 Gm. of dried and powdered muscle in a 250 ¢.c. Erlenmeyer 
flask add 100 ec. pure anesthetic ether. (Some preparations of ether are not suitable 
and must therefore be purified or distilled before use. The batches of ‘‘ether pro 
nhareosi,’’ which we obtained from the British Drug House, proved satisfactory without 
any further purification.) Shake for ten minutes and pour off the supernatant ether. Do 
not discard the ether decanted throughout the whole process of extraction. Repeat ex- 
traction three times with 75 ¢.c. ether. Dry the powder till free from odor, weigh, and 
return to flask. Add 5 ¢.c. absolute alcohol (dehydrated) per 1 Gm. of powder. (The 
proportion is identical with that in the Kahn antigen; it is therefore possible to prepare 
both antigens simultaneously.) Shake for ten minutes; allow to stand at room tempera- 
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ture for three days; 
alcoholic extract add 6 mg. of cholesterol. 

(b) The ether collected during extraction is evaporated to dryness at room temperature, 
To 1 Gm. of residual substance add 10 ¢.c, alcohol, Shake for ten minutes; allow to stand 
twenty-four hours in the icebox and filter in the icebox. 

(c) Dissolve 10 Gm. of mastic in 80 ¢.c. of absolute alcohol, in a 100 ¢.c. measuring 

flask, by heating in a water bath. After standing two days in the icebox add alcohol to make 
the volume up to 100 ¢.c, and filter. 

Saturate (a) with a red fat-soluble dye (scarlet red) and filter or centrifuge. To 12 ec. 
of (a) add 1 «ec. of (¢) and 0.2 ¢.c. of (b) to make Reagent 1. Reagent 1 is stable for about 
two months at room temperature. Mastic (ce) and intensifier (b) mixed in the proportion 5:1 
(5 parts mastic:1 part intensifier) will keep almost indefinitely at room temperature when 
protected against light. The antigen (a), kept separately at room temperature, is also stable 


for a long time. 


Reagent 2: 


NaCl 9 Gm, 

KH,PO, 0.63 Gm, 

Na,HPO, ° 2H,O 0.35 Gm. 

Aq. dest. ad 100 ¢.c. 
Reagent 3 (Diluting Fluid): 

Na,HPO, 5 Gm. 

Aq. dest. ad 100 e.c. 


We used sodium phosphate from the British Drug House because some of the other 
preparations interfered with the stability of the antigen. We found it useful to mix and 
grind together 35 Gm. Na,HPO, and 63 Gm. KH,PO,. To I Gm. of this mixture 9 Gm. NaCl 
were added and stored in well-sealed bottles. For use the contents of a sample were made up 
to 100 ml. (Reagent 2) and then kept in the icebox. 

Activation of pal Preparatory to Use.—0.06 ¢.c, of reagent (¢) plus (b) (mastic 
plus intensifier) is placed on the bottom of a standard half-sized test tube (10 em, height), 
then 0.6 ml. of Reagent 1 (a) (antigen) are added and gently mixed, If the antigen (a plus 
b plus c) has been mixed beforehand, 0.66 ¢.c. of this mixed Reagent 1 are put into the test 
tube already described. After five minutes 2.5 ml. of Reagent 2 are added from a serologic 
5 e.c. Kimbel pipette by letting the fluid run freely from the top of the test tube (the flowing 
time of 5 ¢.c, water running from the pipette should be 6 seconds; slower or quicker flow 
renders the antigen more or less sensitive respectively), Shake the mixture once and then 
allow it to stand for five minutes, after which add 1.6 ¢.c. of distilled water with the same 
pipette and shake the mixture once more. Place the ready antigen into an incubator or a water 
bath at 37° C. for thirty minutes. The antigen is prepared at any room temperature and only 
the activation completed in an incubator. Should the room temperature be below 22° C., the 
activation time should be increased to forty-five minutes. This antigen is ready for use and is 
stable for several weeks if kept on ice. 

Technique of Test.—A. For serum: Place 1 drop (0.05 ¢.c.) of serum in a small test 
tube (the serum need not be inactivated*). Add 1 drop of antigen, Shake for half a minute 
and add 1 drop of diluting fluid 3. Shake gently for several seconds and examine. In positive 
eases a strong heavy red precipitate appears; in negative cases the solution remains unc changed. 
In order to save time when examining many sera it is advisable to read the result after ce ontri- 
fugation for about two minutes. In positive cases the precipitation is emphasized. We read 
the results either by using an illuminating magnifier or viewing from above the test tubes 
which are held almost horizontally against the rim of a dark lamp shade, as deseribed else- 
where.o For mass examinations the test can be speeded up by packing the small test tubes 
used for the reaction tightly into broad metal centrifuge containers. 

*Sachs, in a letter to Lancet® about the paper by Rappaport and Hichhorn, stressed the 
fact that the term “inactivation”? must be re placed by the term ‘‘stabilization,’’ as heating the 
serum and performing the tests in more highly concentrated salt solution are without influence 
on the combination between antigen and antibody, but both cause a stabilization heat by 


moet A the most labile serum globulins and sufficient salt concentration by preventing thelr 
reactivity, 





shake again for ten minutes and filter. To each cubic centimeter of 
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It is advisable to re-examine a doubtful reaction with a blood sample taken from the 
fasting patient. We learned that some lipoids appearing in the serum after meals can give a 
nonspecific positive reaction. Freshly taken blood for screening (only during the first hour) 
should be treated as follows: Place 1 drop of serum into each of two test tubes and add 0.05 
cc. of reagent to one and 0.1 ¢.c. reagent to the second tube. In rare cases of strong positive 
reactions 0.05 ¢.c. of the antigen is not sufficient to produce a distinct reaction, By the above- 
mentioned technique these rare cases cannot be overlooked. 

We found nonspecific reactions in some cases of endocarditis lenta, rheumatic fever, and 
malaria, 

B. For Cerebrospinal Fluid: . In two small test tubes place 4 and 6 drops of cerebro- 
spinal fluid, add 1 drop of antigen to each, shake for two minutes, and centrifuge at high 
speed till the reagent is deposited. Remove the tubes and shake. If, after shaking, the fluid 
contains distinct red particles the reaction is positive; if the fluid is uniformly clear (as at 
the beginning of the procedure) the reaction is negative. 

O-Rapid Test (Without Mastic).1°—In trying to determine the part played by mastic 
in the M-rapid test (with mastic), we gradually diminished the amount used. We found that 
neither the scope nor the efficiency of the reaction is altered when this reagent is omitted. 
The sensitivity of the O-rapid test is equal to the one of the original Kahn test. The flocculi 
of the M-rapid test are easier to observe than those of the O-rapid test. 

We simplified the preparation of the reagent by using the same antigen and the same 
buffer solution as for the M-test. 

Activation of the Antigen Preparatory to Use: 0.6 ¢.c. of Reagent 1 (a), without mastic 
and intensifier, is placed in a half-sized test tube; 2.5 ¢.c. of the buffer solution (Reagent 2) 
and 1.6 ¢.c. of distilled water are added under the same conditions as described for the 
M-test. The activation of reagent is also the same. 

The Technique of O-Rapid Test: For serum: Place 2 drops of serum in a small test 
tube (either active or inactive serum can be used) and add 2 drops of antigen. Shake gently 
for half a minute and centrifuge at high speed for about two minutes. Read after tossing 
the tube gently. In a positive case a heavy red precipitate appears; in negative cases the 
solution remains unchanged. A strong positive reaction shows the flocculation even before 
centrifugation. 


SUMMARY 


Experiences with the rapid flocculation test for the serodiagnosis of 
syphilis are reported and some improvements in the preparation of the antigen 
are described. 


We are grateful to Mrs. Batja Roessler-Wolfson for performing 30,000 tests under 
difficult conditions in Cyprus. 
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ESTIMATION OF THE LEVEL OF BLOOD ALCOHOL FROM 
ANALYSIS OF BREATH 


R. N. Harcer, Pu.D., Ropert B. Forney, Pu.D., anp HELEN B. Barnes, M.D. 
INDIANAPOLIS, IND. 


HE basic principle underlying all breath alcohol methods is that the dis- 

tribution of alcohol between blood and alveolar air obeys Henry’s law. 
This means that there is a constant ratio between the weights of alcohol per unit 
volume of blood and of alveolar air. 

In 1910 Cushny' reported on the pulmonary excretion of acetone, chloro- 
form, alcohol, ete., by animals receiving various sized doses of these compounds. 
He concluded, ‘‘The exhalation of volatile substances from the lungs is exactly 
analogous to their evaporation from solutions in water, and the pulmonary cells 
seem to be purely passive in this process,’’ although his quantitative results are 
somewhat inadequate for confirming this conclusion. Widmark? in 1920 and 
Briggs and Shaffer* in 1921 reported quantitative studies with animals which 
indicated that the distribution of acetone between blood and alveolar air obeys 
Henry’s law. Shaffer and Ronzoni* in 1923 and Haggard in 1924° showed that 
the behavior of ether in the lungs also obeys Henry’s law. That the same prin- 
ciple applies to alcohol in the body was stated by Liljestrand and Linde in 
1930° and by Haggard and Greenberg in 1934.’ 

Five breath alcohol methods have been developed. Two employ alveolar 
air and three use total expired air. The first procedure using alveolar air was 
reported by Liljestrand and Linde in 1930.6 A second method using alveolar air 
is that of Greenberg and Keator*® which was published in 1941. They call their 
apparatus an alcometer. 

One of the breath alcohol methods employing total exhaled air was published 
by Bogen® in 1927. He was the first to propose breath alcohol analysis for 
medicolegal purposes. 

In 1931 one of us (R. N. H.)?° reported that the ratio of aleohol to carbon 
dioxide in expired air can be used to estimate the concentration of alcohol in the 
blood, since Haldane and Priestley! had shown that normal alveolar air con- 
tains close to 5.5 per cent of carbon dioxide. Thus, one simply determines the 
weight of aleohol which accompanies 190 mg. of carbon dioxide in the breath, 
190 mg. being the weight of carbon dioxide in 2 liters of any gas containing 5.5 
per cent of carbon dioxide and at a temperature of 37° C.* After several year's 
of trial, including comparison of the results with direct analysis of blood, the 
method was presented more fully in a paper by Harger, Lamb, and Hulpieu in 
1938.'* This paper also described a new reagent for alcohol which is standard 
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*With men, Fitzgerald and Haldane” found an average of 5.6 per cent of CO: in ary 
alveolar air. This would mean 186 mg. of CO: in 2 liters at 34° C. and saturated with moisture. 


306 














of 


ry 








ESTIMATION OF LEVEL OF BLOOD ALCOHOL FROM ANALYSIS OF BREATH — 307 
permanganate in 16 normal sulfuric acid. We called the portable apparatus for 
this method a drunkometer. A third breath method using expired air was 
published by Jetter, Moore, and Forrester’ in 1941. It also employs the alcohol- 
carbon dioxide ratio.* The alcohol and moisture from the breath are absorbed 
by solid magnesium perchlorate. Subsequently the absorbent is dissolved in 
water, the aleohol is distilled off, and the distillate is analyzed by a dichromate 
method. Jetter, Moore, and Forrester named their apparatus an intoximeter. 


Points of Disagreement Regarding the Breath Methods.—1. While the authors of the 
five breath methods described all agree that Henry’s law is followed in the distribution of 
alcohol between alveolar air and pulmonary blood, they do not agree as to what is the correct 
ratio for this distribution. Liljestrand and Linde,é Harger, Lamb, and Hulpieu,!2 and 
Jetter, Moore, and Forrester!3 all reported a ratio close to 1:2,000 for alveolar air:blood. 
On the other hand, Haggard and Greenberg? in 1934 stated that the ratio was 1:1,150 and 
then revised it to 1:1,300 in 1941.14 


2. A second point of disagreement is the temperature which controls the final equilibrium 
between blood and exhaled breath. Haggard and associates!4 assumed that it is 38° C. 
Liljestrand and Linde® stated that the temperature at which breath leaves the mouth is 
31° C. This matter has been extensively studied by Liljestrand and Sahlestedt,!5 Perwitz- 
schky,16 Seeley,17 and others. These studies have been reviewed recently by Winslow, Herring- 
ton, and Nelbach,18 who stated, ‘‘The temperature of the expired air under normal conditions 
is 32° to 35° C.; though in very cold atmospheres (Seeley) it may be as low as 25° C.’’ 

3. Haggard and co-workers14 contended that the alcohol-carbon dioxide ratio used by 
Harger, Lamb, and Hulpieu12 and Jetter, Moore, and Forrester13 gives high results because 
they claim that the proportion of alcohol to carbon dioxide is higher in the respiratory dead 
space than it is in the alveoli. On the other hand, Jetter and Forrester! found no difference 
in the ratio in total expired air and in breath collected after discarding the first 500 to 700 
cc, exhaled. 

4. Finally, Haggard and co-workers!4 claimed that the collection of breath samples in 
rubber balloons at room temperature yields low results because of removal of alcohol by a 
film of moisture which condenses on the interior of the balloon. This criticism was based 
on the drop in alcohol content which they observed with air, saturated with moisture at 40° C. 
and containing alcohol, when rubber bags containing this air were subjected to lower tem- 
peratures. Their results are misleading because they involve the condensation of much 
more water than actually occurs, since the moisture content of breath represents saturation 
at about 34° C. or below. Jetter and Forrester!9 found no significant loss of alcohol due to 
this cause. Using breath samples collected in glass flasks, Fabre and Leheuzey20 observed a 
drop of 7 per cent in the alcohol per 190 mg. of carbon dioxide when the breath was cooled 
to 20° C., and a drop of 14 per cent when it was cooled to 10° C. When they collected the 
breath in rubber balloons the calculated results were 15 to 16 per cent below those from 
direct analysis of blood and saliva. However, in their procedure it apparently took eight 
minutes, or longer, to pass the breath sample through their reagents which would permit 
some loss of aleohol through the balloon. 

Results of in vitro determinations of the partition ratio of alcohol between air and 
Water, urine and blood were recently reported by Harger and co-workers.21.| They found that 
the ratio for air:blood at the temperature of the breath as it leaves the mouth or nose 
should be about 1:2,000, 


In the present paper we report studies on the following points: (1) the 
distribution of aleohol between alveolar air, or rebreathed air, and blood of 


, *In their formula for calculating blood alcohol, Jetter, Moore and Forrester use 20 mg. 
of COx, instead of 190 mg. as employed by Harger, Lamb, and Hulpieu. 
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human subjects; (2) the temperature at which the breath leaves the mouth; 
(3) the reliability of the breath aleohol-carbon dioxide ratio for predicting blood 
aleohol; (4) the possible loss of alcohol from condensed moisture inside the 
halloon; and (5) the correlation between blood alcohol and alcohol in a given 


volume of ordinary expired air. 
EXPERIMENTAL 


1. Distribution of Alcohol Between Alveolar Air, or Rebreathed Air, and 
Blood of Human Subjects.—Thirty-three persons were used in this study. Each 
ingested a volume of 90-proof whiskey corresponding to 4, or 6, fluid ounces of 
this liquor for a 150 pound person, or a dosage of 0.61 or 0.92 grams of alcohol 
per kilogram. Most of the subjects received the larger dose. At intervals of 
one hour, two hours, and occasionally three hours, following ingestion of the 
whiskey, samples of alveolar air and blood were obtained. The blood was drawn 
within three minutes after the alveolar air was collected. With part of the sub- 
jects samples of rebreathed air were also collected. The samples of alveolar air 
and rebreathed air were collected in flexible aluminum bags of the type described 
by Harger, Turrell, and Miller? The bags were kept in an incubator having 
a temperature of 40° C, Tests showed that breath from alcoholic subjects, stored 
in these bags, suffered no significant loss of alcohol or carbon dioxide during a 
period of one or two hours. The inlet of the bag was connected by means of a 
4 in. length of rubber tubing to one limb of a short, rather wide, glass T. A 
second limb of the T was connected to a basketball bladder, part of which was 
rolled around a thin wooden strip and clamped between two other wooden strips 
so that it could be inflated to about 600 cubic centimeters. At the end of a 
normal expiration the subject exhaled deeply through the open end of the glass 
T, with the connection to the aluminum bag closed by means of a pinch clamp, 
until the first 600 ¢.c. were collected in the rubber bag, after which an operator 
quickly shunted the breath stream into the aluminum bag. This process was 
repeated several times until somewhat more than a.liter of alveolar air was 
collected. In order to flush out the aluminum bag, the first collection was 
drained out by gentle suction and the collecting process repeated. The glass T 
and its rubber connections -were kept warm during the sampling process. 
Shortly after obtaining the sample, a portion of it was analyzed for alcohol and 
‘arbon dioxide. The latter was determined in order to make sure that the 
sample was alveolar air. The gas from the aluminum bag was conducted out- 
side the incubator through an internally-heated glass tube of the type described 
by Harger and associates?! ; the aleohol was absorbed in cold 50 per cent sulfuri¢ 
acid and the analysis was completed as described by these workers on pages 
198 and 199 of their paper. The train of tubes for absorbing carbon dioxide 
(Dehydrite followed by ascarite) was placed between the alcohol absorption tube 
and the gas burette. The observed volume of gas was corrected to the volume it 
would have occupied at 34° C. before removal of the carbon dioxide and satu- 
rated with water vapor. 
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Rebreathed air was obtained in the following way: the subject took a deep 
inspiration, exhaled deeply into the empty aluminum bag, and then rebreathed 
this gas with five deep inspirations and expirations. The nose was, of course, 
closed during this operation. 
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Fig. 1.—Correlation between alcohol per cubic centimeter of blood and alcohol per 2,000 
cc, of alveolar air or rebreathed air. 

@, Alveolar air; ©, rebreathed air. 

A, Line of perfect correlation, alveolar air:blood ratio = 1:2,000. 

B, Line of perfect correlation, alveolar air:blood ratio = 1:1,300. 





The blood samples were analyzed for aleohol by the dichromate method of 
Harger,?* using the slight modifications described by Harger and co-workers.?! 
A blank of 0.08 mg. per cubie centimeter was subtracted from all blood aleohol 
results, since it is the average figure given by this method for the volatile re- 
ducing substance in normal blood. 

The results are shown in Fig. 1. They indicate that the average alveolar 
air:blood ratio is about 1:2,100. Our results also show that rebreathed air and 
alveolar air contain essentially the same concentration of alcohol. 

2. The Temperature of Breath When It Leaves the Body.—Using six sub- 
jects, we determined the temperature of the breath ag it left the mouth. The 
ieasurements were made with a copper-constantin thermocouple of 32 gauge 
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wire and a sensitive galvanometer* having a short damping period. The refer- 
ence junction of the thermocouple was placed in water contained in a thermos 
bottle and having a temperature close to 31° C. Bureau of Standards tested 
thermometers were used for determining the temperature of the water inside 
the thermos bottle and for calibrating the readings of the galvanometer. The 
variable temperature junction of the thermocouple was held so that it protruded 
about 1% in. beyond the inner end of a short length of glass tube, with a diameter 





1.6 
15 
1.4 


@ ot = = os 
oo 7m Ww 


fom) 
wn 


=) 
w 


BREATH ALCOHOL, mgs. per 190 mgs. C0. 


eo = 
—_— PO 


01 02 03 04 05 06 07 08 09 10 1 12 13 14 15 16 
BLOOD ALCOHOL, mos. per cc. 











Fig. 2.—Correlation between alcohol per cubic centimeter of blood and alcohol per 190 mg. 
of COs of mixed expired air. Breath collected in rubber balloons. 

@, Breath analysis at room temperature by Drunkometer method; ©, breath anaylsis at 
40° GC. by Drunkometer method; O, breath analysis at 40° C., alcohol determined by dichromate 
method. 


of 10 mm., which was held between the lips of the subject, making sure that the 
thermocouple did not touch any structure within the mouth. The subject inhaled 
through the nose and then slowly exhaled deeply through the glass tube, taking 
about ten seconds for the exhalation. The observed temperature of the exhaled 


air was about 31° C. at the beginning of an expiration and rose to about 35° C. 
at the very end of the prolonged expiration. Since these results agreed quite 
well with those of earlier investigators it was not considered necessary to conduct 
more extensive experiments. 


*General Electric Company, catalogue 32-C, No. 200-G-1, 
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3. The Use of the Alcohol-Carbon Dioxide Ratio of Expired Air to Estimate 
the Level of Alcohol in the Blood—Immediately after obtaining the samples of 
blood from the thirty-three subjects mentioned, samples of ordinary expired air 
were obtained and analyzed for their content of aleohol and carbon dioxide. 
With all of the subjects, one sample of breath was collected in a rubber balloon 
and analyzed at room temperature by the permanganate (drunkometer) method 
of Harger, Lamb, and Hulpieu.’? In this analysis we used 1 ¢.c. of 0.05 normal 
permanganate and the color matching tube described by Harger and co-workers,”? 
(pages 206 to 208 of their paper). With some of the subjects a duplicate analysis 
by this method was carried out with the balloon and drunkometer kept in the 
incubator at 40° C., and a third breath sample was collected in a rubber balloon 
kept at 40° C. and this sample then was analyzed by the dichromate procedure 
employed for alveolar air (section 1). The passage of breath through the 
drunkometer or gas scrubber tube was completed within two minutes after the 
balloon was inflated. New rubber balloons were employed which required a 
pressure of about 22 in. of water (41 mm. Hg) for inflation. 


Fig. 2 shows the observed correlation between alcohol per cubic centimeter 
of blood and alcohol per 190 mg. of carbon dioxide in the breath. These data 
represent one hundred consecutive determinations with the thirty-three subjects. 
In sixty-three of these determinations the weight of aleohol which accompanied 
190 mg. of carbon dioxide in the breath was within + 10 per cent of that found 
in 1 c.c. of the subject’s blood. The corresponding deviations for the remaining 
determinations were: seventeen, + 11 to 15 per cent; ten, + 16 to 20 per cent; 
three, + 21 to 25 per cent; six, + 21 to 28 per cent; and one, + 32 per cent. The 
mean deviation was + 9.7 per cent. 

With part of our subjects we also collected samples of expired air in the 
aluminum bags of the type we used for alveolar air. These required practically 
no pressure to inflate. These breath samples were then analyzed for alcohol 
and carbon dioxide, using the procedure for alveolar air described in section 1. 
The correlation between alcohol per 190 mg. of carbon dioxide in the breath and 
alcohol per cubic centimeter of blood is shown in Fig. 3. It will be observed 
that the results for breath average higher than those where rubber balloons were 
used for collecting the breath sample (Fig. 2), the mean difference being 14 
per cent. 

4. Possible Loss of Alcohol From Condensed Moisture Inside the Balloon.— 
Using five subjects, we determined the moisture content of fifteen samples of 
ordinary breath and fourteen samples of alveolar air. Each sample was collected 
in an aluminum bag?* with the bag and its inlet kept in an incubator at 40° C. 
The sample was then passed through a tube containing Dehydrite, followed by 
a tube containing ascarite, and the gas was collected over water in a burette 
outside the incubator. From the weights of water and carbon dioxide caught, 
and the gas burette reading corrected for water vapor, the moisture content of 
the breath was then calculated, assuming that it left the mouth at 34° C. The 
weight of water found in ordinary breath ranged from 26.5 to 37.8 mg. per 
liter, averaging 32.0 milligrams. The air saturation temperatures corresponding 
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to these weights of water vapor are 27.6° C. to 34.2° C., average 31.0° C. With 
alveolar air we found 30.1 to 40.2 mg. of water per liter, with an average of 
35.3. The corresponding saturation temperatures are 29.7° C. to 35.8° C., 


average 32.6° C, 
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Fig. 3.—Correlation between alcohol per cubic centimeter of blood and alcohol per 190 
mg. of COz of mixed expired air. Samples collected in flexible aluminum bags. Alcohol analysis 
by dichromate method. 


The drop in temperature of 2,000 ¢.c. samples of breath collected in rubber 
balloons was measured by means of a thermometer inserted through a small 
hole in the balloon wall and tied in place. The tests showed that, during the 
two-minute interval required for the drunkometer analysis, the temperature 
within the balloon rarely fell below 27° C., except where the room temperature 
was less than 21° C. With the room temperature at 21° to 25° C. the mean 
temperature of the air within the balloon during a two-minute period following 
inflation was about 29° C. 

With nine of our subjects, immediately after the routine drunkometer 
analysis at room temperature, we ran a duplicate drunkometer analysis with 
the balloon and apparatus kept at 40° C. We then collected a third breath 
sample in a balloon kept at 40° C., after which we analyzed the contents of this 
balloon for carbon dioxide and alcohol, with the latter determined by the 
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dichromate procedure used for alveolar air. The results of these three types 
of breath analysis and the alcohol content of the corresponding blood samples 
are included in Fig. 2. The drunkometer results obtained at room temperature 
average 97.3 per cent of those by this method at 40° C., and 93.5 per cent of 
the results by the dichromate procedure at 40° C. 
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Fig. 4.—Correlation between alcohol per cubic centimeter of blood and alcohol per 
3,200 c.c. of COefree mixed expired air measured over water at 25° C. Alcohol analysis by 
Drunkometer method. 











d. The Correlation Between the Concentration of Alcohol in Blood and in 
a Given Volume of Breath—In our 1938 paper’? we suggested using the weight 
of aleohol in 4 liters of breath as a rough check on the results from the aleohol- 
carbon dioxide ratio, Subsequently, results on the volume basis obtained with 
hundreds of subjects have shown a correlation with the results from the aleohol- 
carbon dioxide ratio, and with results of blood alcohol analyses, which is far 
better than we had anticipated. Apparently the reason for this is that, in 
inflating a balloon to about 2,000 ¢.c., the subject tends to exhale a fairly con- 
stant proportion of alveolar air and breath from the respiratory dead space. 
Our results indicate that the volume of such breath containing the weight of 
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aleohol found in 1 ¢.ec. of blood averages about 3,475 ¢.c. at 34° ©. This would 
mean that such a sample of breath is about 58 per cent alveolar air. When the 
carbon dioxide is removed from this 3,475 ¢.c. of breath and the remainder is 
collected over water at 25° C., its volume will be 3,200 cubic centimeters. Since 
the weight of alcohol caught in the drunkometer analysis is always 0.169 mg., 
a test run with a subject having a blood alcohol of 1 mg. per cubic centimeter 
should yield a volume reading of 3,200 x 0.169 — 541 e.c. of CO,-free breath 
measured over water at 25° C. Thus, if V is the volume of breath used in a 
drunkometer test, when measured over water at 25° C. after removal of carbon 
dioxide, then, 541 + V should equal milligrams of alcohol per cubic centimeter 
of the subject’s blood. Using this formula we calculate the blood alcohol from 
the observed drunkometer volume reading in ninety tests with thirty-three 
subjects used in this study. The correlation between these results and those 
from direct analysis of blood is given in Fig. 4. It will be observed that this 
correlation is quite satisfactory. 


DISCUSSION 


While the blood alcohol levels of the subjects used in this study do not 
cover a very wide range, we feel that the data obtained serve quite as well to 
answer the questions investigated as would higher, or lower, blood alcohol levels. 
Most of our subjects preferred not to take more than 1 Gm. of alcohol per 
kilogram. 

If moisture condensation oceurs within the balloon containing alcoholic 
breath, the fraction of the total aleohol absorbed in the liquid phase will be 


governed by the relative volumes of the two phases and the alcohol partition 
‘ A ; : . . 

ratio, ky for the temperature reached.” If a liter of breath at 34° C., con- 

taining aleohol vapor and saturated with moisture, is cooled to 28° C. its final 

volume will be 965 cubic centimeters. The mass of water vapor per liter of 

saturated air is 37.5 mg. at 34° C. and 27.2 mg. at 28° C.* The water removed 

by condensation will be 37.5 — (27.2 x 0.965) = 11.3 mg., or approximately 


0.0113 eubie centimeter. At 28° C. k _ is 0.000266 so that the air equivalent 


of the condensed water is 0.0113 + 0.000266 — 42.5 cubic centimeters. There- 
fore, the fraction of the total aleohol removed by the water phase will be 

42.5 
42.5 + 965’ 
sample were cooled from 34° ©. to 21° C. the alcohol removed by the condensed 
moisture would be a little less than 12 per cent. 





or 4.2 per cent. A similar calculation will show that if the breath 


While the prediction of blood aleohol from the alcohol-carbon dioxide ratio 
of the breath reported in this paper shows an average error of + 9.7 per cent 
and maximum deviations of —28 and +82 per cent, the results represent a con- 
siderable improvement over those reported by Harger, Lamb, and Hulpieu in 
1938.'2_ Using the alecohol-carbon dioxide ratio, Jetter and Forrester’? made 


-, Calculated from vapor pressure figures given in International Critical Tables, Vol. IV, 
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seventy-nine determinations in which they compared the Intoximeter results 
with direct analysis of blood. According to Jetter,** their average deviation 
was +10 per cent with a maximum deviation of +16 per cent. Fabre and 
Leheuzey,”° from a few determinations, reported similar results. Greenberg and 
Keator® stated that their aleometer method will predict the capillary blood 
alcohol level with a mean deviation of 0.05 mg. per cubic centimeter and a 
maximum deviation of 0.15 mg. per cubie centimeter. For a blood alcohol of 
1 mg. per cubic centimeter this would mean an average error of +5 per cent 
and a maximum error of +15 per cent. 

There are three reasons why one would not expect a perfect correlation 
between the levels of alcohol in blood and in breath. The first is the inherent 
fluctuation in the temperature of the breath as it leaves the mouth. This may 
vary over a range of about 3°, depending upon the temperature of the inspired 
air and the manner of breathing. Since a rise or fall of 1° changes the vapor 
tension of alcohol about 7 per cent, it is not surprising that the calculated blood 
alcohol figure may deviate from the true value by as much as +10 per cent. 

A second feature may result in apparent discrepancies when one compares 
the results from breath with those from peripheral venous blood. It is the fact 
that the alcohol level in peripheral venous blood is not always identical with 
the level in heart blood, although the latter level controls the concentration of 
alcohol in the breath and probably also in the brain. Harger, Hulpieu, and 
Cole” and Forney, Hulpieu and Harger®* have shown that, for a short time 
after ingestion of alcohol, the aleohol level in peripheral venous blood lags con- 
siderably behind that of heart blood. The average venous/heart blood alcohol 
ratios which they found for three intervals were: 10 min., 0.72; 15 min., 0.83; 
and 30 min., 0.91. While almost all of their animals had essentially the same 
level of alcohol in venous and heart blood at the end of one to three hours after 
receiving alcohol, with a few of them the level of alcohol in the heart blood was 
still 12 to 15 per cent above that of peripheral venous blood. This difference 
may explain some of our breath figures which were significantly higher than 
those from venous blood. Our subject in whom the breath result deviated most 
from the blood figure (+32 per cent) certainly exhibited symptoms which cor- 
responded more nearly to the breath figure. 

A third factor which may affect the accuracy of methods employing the 
aleohol-carbon dioxide ratio of breath is the fluctuation of the carbon dioxide 
content of alveolar air. Jetter and Forrester’’ have estimated that the maximum 
deviation from the average normal level of alveolar carbon dioxide which might 
be anticipated is +16 per cent. However, as shown by Fitzgerald and Haldane?’ 
the mean fluctuation normally observed is less than this. 

In spite of the limitations which we have mentioned, the results obtained 
by ourselves and others do show that analysis of breath will predict the level 
of aleohol in the blood in a reasonably satisfactory manner. While the precision 
is less than is required in research, the results are sufficiently accurate for the 
routine testing of automobile drivers and industrial workers. As a matter of 
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fact, breath analysis appears to predict the level of blood alcohol about as well 
as does urine analysis, judging from the results of urine analyses reported by 
Miles,?* Southgate and Carter,”’ Carlson and associates,*® Bavis,*’ and Jetter.*4 

The reason for a higher ratio of aleohol to carbon dioxide in the samples 
of ordinary breath collected in aluminum bags compared with those collected 
in rubber balloons merits further study. The squeezing of the lungs by the 
muscles of respiration in order to produce the gas pressure of about 40 mm. of 
mercury required to inflate the balloon might alter the relative volume of the 
respiratory dead space. A second factor might be a longer interval between 
inspiration and expiration. Mackay** found that a prolonged time of expiration 
resulted in abnormally high values for carbon dioxide of alveolar air. 

Our observation that rebreathed air and alveolar air contain the same level 
of aleohol agrees with the findings of Haggard and associates.‘* The drunk- 
ometer volumetric procedure, employing rebreathed air, appears quite promising 
and we plan further studies with it. It would eliminate the use of a balance 
and would permit a much longer interval between collection of the sample and 
its analysis. Since the rate of heat conduction by aluminum is much faster 
than by rubber, we plan to warm the aluminum bag with a light, electrically- 
heated blanket. Some types of plastic may function better than aluminum. 
We believe that the alecohol-carbon dioxide pump procedure described by Harger, 
Lamb, and Hulpieu'? should also be available for running tests with subjects 
who cannot, or will not, inflate a breath container. 


SUMMARY 


Aleohol analyses of simultaneous samples of blood and alveolar air from 
thirty-three persons 1 hour and two hours after drinking 0.6 to 0.9 Gm. of 
aleohol per kilogram showed an average alveolar air:blood aleohol ratio of 
about 1:2,100. Essentially the same ratio was found for rebreathed air. These 
results support the findings of Liljestrand and Linde, but not the ratio of 
1:1,300 claimed by Haggard and associates. 

The temperature of the breath as it leaves the mouth was found to vary 
from 31° C. to 35° C., the higher figure being observed at the end of a pro- 
longed expiration. 

One hundred consecutive samples of breath from the thirty-three subjects 
were collected in rubber ballodns and analyzed by an improved modification of 
the ascarite-permanganate method of Harger, Lamb, and Hulpieu (drunk- 
ometer), and the results were compared with direct analyses of simultaneous 
samples of peripheral venous blood. The average deviation between milligrams 
of breath aleohol per 190 mg. of carbon dioxide and milligrams of alcohol per 
cubie centimeter of blood was +9.7 per cent, with maximum deviations of -28 
per cent and +32 per cent. Some of the deviations were probably due to dis- 
crepancies between the level of aleohol in heart blood and that in peripheral 
venous blood. This breath procedure will predict blood alcohol about as well 
as does analysis of urine. 

Breath samples, collected in flexible aluminum bags requiring practically 
no pressure for inflation, showed a ratio of aleohol/carbon dioxide averaging 
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14 per cent higher than that of simultaneous samples collected in rubber 
balloons. Possible reasons for this difference are discussed. 


To check the effect of moisture condensation, the results of drunkometer 
analyses conducted at room temperature were compared with those obtained 
at 40° C. The results at room temperature averaged 97.3 per cent of those 
obtained at 40° C. This slight effect due to moisture condensation is in the 
order of magnitude which one would calculate from the quantity of water con- 
densed and the partition ratio of aleohol between water and air at the tem- 
perature reached. 

A comparison was made of the weight of aleohol per unit volumes of ordi- 
nary expired air and blood in drunkometer tests in which the subject collected 
about 2 liters of expired air in a rubber balloon. The results showed that the 
weight of aleohol per cubic centimeter of blood was contained in about 3,200 
cc. of the breath, when measured over water at 25° C. after removal of carbon 
dioxide, with a correlation which was quite satisfactory. This determination 
furnishes a second estimation of blood alcohol in the drunkometer procedure. 

Since rebreathed air contains essentially the same alcohol concentration as 
alveolar air, we are proposing a simplified drunkometer procedure which involves 
only the collection of rebreathed air in a warmed, flexible, aluminum bag, with 
the result caleulated from the volume of breath required to decolorize the per- 
manganate reagent. 
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A DEVICE TO DETERMINE THE TIME OF EXPOSURE IN THE 
HEART CYCLE OF AN ANGIOCARDIOGRAM 


MarTIN LOWENTHAL, M.D., AND WALTER BROTHERTON 
Cuicaco, Iu. 


HE need of knowing in which phase of the heart cycle a roentgenogram is 

obtained is obvious and a variety of devices are available for determining 
this, including heart sounds and the carotid pulse. Bergk and Chantraine® and 
Hirsch and Schwarzchild,' among others, utilized the action currents of the 
heart to set off the circuit closing mechanism which makes the roentgen expo- 
sure and so, with a variable relay, could place the time in a desired part of the 
heart cycle. Westermark,® with cinematography in animals, has utilized a 
photoelectric cell over the fluoroscopic screen to determine the time in the cycle 
of the various roentgenograms on an electrocardiogram. 





Fig. 1. 


In our work with angiocardiography the phase of the cardiac cycle in 
which each exposure was made was determined by means of a snap-action 
microswitch mounted on and activated by the ‘‘make contact’’ on the high 
tension contactor of the x-ray machine. The microswitch is arranged in such a 
manner as to close simultaneously with the high tension circuit which provides 
the voltage for the roentgen exposure. The standardization circuit of an elec- 
trocardiographie machine is utilized. This circuit consists essentially of a 
source of voltage, usually a 114 volt battery, a number of resistors, the gal- 
vanometer, and a manually operated switch. By ‘‘shorting’’ this manually 
operated switch and connecting the microswitch in series with this circuit the 
beginning of roentgen exposure is produced on the simultaneously recorded 
electrocardiogram. This is accomplished by the battery discharging across the 
galvanometer and causing it to deflect at the instant the high tension contac- 
tor closes. Examples of such records are seen in Fig. 1, the time of the roent- 
gen exposure being the upstrokes of the ‘‘standardization deflection.’’ The 
angiocardiographic device used is a multiple cassette changer with which twelve 
pictures can be taken within a period of six seconds. 
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The advantages of the timing device as proposed are twofold, namely, its 
simplicity of application and the ability, when multiple exposures are used, to 
obtain roentgenograms in various phases of the cardiac cycle. However, this 
device cannot control the time in the cardiac cycle at which an exposure is 


made. 


We are indebted to Mr. N. Weidman of Picker X-Ray Corporation, New York, N. Y., 
for his advice and to Dr. L. N. Katz for his guidance in the preparation of this manuscript. 
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A RAPID SEMIMICRO METHOD FOR THE DETERMINATION OF C™ 


Paut V. Harper, Jr., M.D., Wituiam B. Neat, Jr., M.D., AND 
GEORGIANA R. Rogers, B.S. 
Cuicaco, IL. 


RAPID semimicro method for the determination of C'™ in small organic 
A samples has been developed which is applicable to as little as 0.2 mg. of 
carbon. The principles of existing procedures have not been altered, but special 
modifications were necessary to prevent contamination in the oxidation of the 
samples and in the collection of C'%O,. In addition, the handling of the small 
BaC'O, precipitates has been facilitated and expedited. 

The sample is subjected to wet combustion and the resulting CO, is 
trapped in a combination absorption and filtration chamber where the precipi- 
tated BaC4O, is collected on a weighed filter, washed, and dried without ex- 
posure to the atmosphere. 


MATERIALS AND METHODS 


Apparatus.—The wet combustion procedure of Entenman and co-workers! is used with 
the oxidizing mixture of Van Slyke and Folch.2 The oxidation and absorption train was set 
up as in Fig. 1. It was found necessary to protect the air inlet with an activated charcoal 
trap in order to eliminate organic vapors present in the atmosphere which are otherwise drawn 
into the apparatus and oxidized. This difficulty may also be obviated by closing the air 
inlet of the oxidation flask and oxidizing with the apparatus evacuated as in the method of 
Armstrong and Schubert.’ 

Since the CO, is collected directly in saturated Ba(OH),, all traces of sulfurie acid 
fumes must be removed from the air-CO, mixture leaving the oxidation chamber. This is 
effectively accomplished by passing the air through a 8 cm. segment of 8 mm. tubing packed 
with spun glass which is moistened with a few drops of 5N H,SO,. It is necessary to avoid 
an excess of SO, in the oxidizing mixture. The absorption filtration chamber (Fig. 2) is so 
mounted that it may be inverted. When the chamber is in the absorption position (Fig. 1), 
the air-CO, mixture from the oxidation assembly enters the bottom of the chamber. The air 
inlet is a glass tube drawn to a fine point and coated with silicone grease to prevent Ba(OH),. 
solution from creeping into it. Filtered saturated Ba(OH), is admitted at this end of the 
chamber through a two-way stopcock which serves also to admit washing solution when the 
chamber is inverted for filtration. The curved tip of the inlet tube permits complete rinsing 
of the upper end of the chamber with washing fluid. At the opposite end of the absorption 
chamber is a rubber adapter holding the weighed filter. This is a Buchner type filter similar 
to that described by Armstrong and Schubert. In our apparatus it was constructed from 
an aluminum dise similar to those used by Buchanan and Pusatera.4 Perforations were made 
in the bottom, about one per square millimeter, and a dise of filter paper was fixed over this. 
The aluminum does not react appreciably with Ba(OH), during the periods of contact, and 
the filter may be washed conveniently with dilute acid and used over. In our apparatus this 
gave a counting area of 2.85 square centimeters, 

Procedure.—The sample fiask is placed on the oxidizing apparatus, sealing the joint 
With oxidizing mixture. Air is drawn through the apparatus until all the atmospheric CO, 
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is washed out (two to three minutes). With the filter uppermost, Ba(OH), is admitted into 
the absorption chamber while the air is running until it is almost full, and the air flow is 
adjusted until five to ten bubbles a second are flowing through the fluid. About 3 c.c. of 
oxidizing mixture are run in and the oxidation flask is heated cautiously for two minutes, 
carefully avoiding too rapid evolution of oxygen and CO, and the formation of free I,, 
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Fig. 2.—Detail of absorption chamber. 


Heating is then discontinued and air is allowed to wash through the apparatus for an addi- 
tional ten minutes. The absorption chamber is then inverted (Fig. 2). The suction ig in- 
creased and the precipitated BaCO, is filtered onto the weighed filter. This is first washed 
with a 3 cc. portion of CO,-free distilled H,O to remove the excess Ba(OH),, then with 
3 ec. of 50 per cent aleohol to wash the loose precipitate off the sides of the chamber onto 
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the filter, and then with two more 3 c¢.c. portions of water to remove the last traces of 
Ba(OH)., and finally with absolute alcohol for drying. The filter is removed from the 
adapter, dried at 120° C., weighed, and counted. The absorption chamber is washed with acid 
and rinsed and is then ready for the next run. Four samples an hour can be run with ease. 


TABLE I. RECOVERY OF CO, AS BARIUM CARBONATE (FIGURES EXPRESSED AS MILLIGRAMS OF 











BaCoO,) 
INITIAL WEIGHT RECOVERED WEIGHT MG./SQ. CM. PER CENT RECOVERY 

16.6 15.7 5.5 94.6 
9.7 9.1 3.2 93.8 
i Bh 6.5 2.3 91.5 
6.0 5.8 2.0 96.7 

0 0.1 oY 

0 | lank 0.2 ae 

0 0.0 ee 














Recovery of CO, is shown in Table I. Quantitative recovery is not necessary for specific 
activity measurements, and a low blank which may for all practical purposes be neglected 
indicates negligible contamination. As a further check on this point, aliquots of the same 
sample of Na,C140, were run through the apparatus and compared with another aliquot 
precipitated directly with BaCl, The results are shown in Table II, indicating agreement 
within counting and weighing error. This also indicates that the distribution of the BaCO, 
on the filter was sufficiently uniform. The surfaces of the dried samples in the range 1 mg. 
per square centimeter to 5 mg. per square centimeter were uniformly smooth and uncracked 
and thus suitable for counting in an internal tube such as that of Kelsey.5 Samples heavier 
than 10 mg. per square centimeter are impractical because they filter slowly, are difficult 
to wash, and the counting surface is often rough and cracked. This last factor is of no 
significance if a thin-window Geiger tube is used for counting. Samples of less than 1 mg. 
per square centimeter of BaCO, can be handled adequately within weighing error. Here the 
problem of distribution is not so important since self-absorption is negligible in this range. 
The apparatus has been adapted to handle larger samples by Kelsey,® using a filter paper 
backed by sintered glass similar to the procedure of Entenman and associates! to collect the 
precipitated BaCO,, 


TABLE II. Speciric ACTIVITY OF RECOVERED BACO, 











SAMPLE THICKNESS COUNTS PER SECOND CORRECTED 
SAMPLE (MG./SQ. CM.) TO INFINITE THICKNESS 
Recovered CO, 6.2 16.3 
Recovered CO, 5.3 16.1 
Recovered CO, 4.5 16.6 
Recovered CO, 1.2 16.3 
Recovered CO, 0.98 14.9 
—_ itated directly with 16.4 15.8 
BUl, 











The use of the relatively small counting area of 2.85 sq. cm. does not necessarily reduce 
the sensitivity of the method since by reducing the size of the counting tube the background 
count is reduced to a roughly proportional degree. A windowless tube similar to that of 
Kelsey was constructed with an internal diameter of 22 millimeters. This accommodated the 
weighed filters, was easily decontaminated, and consistently gave a background count of seven 
to nine counts per minute, or about .13 counts per second. Using this technique, such determina- 
tions, for instance, as the C14 content of the free cholesterol in 1 ¢.c. of plasma may be made 
with reasonable accuracy. 
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SUMMARY 


A rapid semimicro method is described for the determination of C™ in 
small samples of organic material. 

At least four samples per hour may be oxidized easily and the resultant 
CQO, trapped as BaCO, and prepared for counting. 

Samples as small as 0.2 mg. of carbon may be analyzed within the limits of 
counting error and weighing error of the barium carbonate samples. 
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A CONSTANT-LEVEL, BOILING WATER BATH 


GAIL LORENZ MILLER, PH.D. 
PHILADELPHIA, PA. 


HE development of color in colorimetric methods is often dependent upon 

heat, and this dependence may be so marked that reproducible color inten- 
sities can be obtained only if temperatures are carefully regulated. This fact 
has been implied by different investigators who have recommended the use of 
‘‘vigorously’’ boiling water baths ard is well exemplified by observations of 
Drury’ in connection with his study of the orcinol test for pentoses. Uniform 
heating of vessels in a boiling water bath obviously requires the maintenance 
of continuous boiling and a constant level of water. In order to meet these 
requirements we have constructed out of easily available materials the appara- 
tus shown in Fig. 1. With this apparatus distilled water is used instead of 
tap water, and thus the building up of salt concentration or the formation 
of a precipitate during evaporation of the bath can be avoided. Other con- 
stant-leveling devices® * presumably employ tap water since a continuous 
flow is required. The present design is scaled to microchemical work, but can 
doubtless also be adapted to work on a larger scale. 

Part A is a 2 mm. straight-bore capillary stopcock; B, a one-hole No. 1 
rubber stopper; C, an 18 mm. O.D. neck; D, a 5 liter round-bottomed flask ; 
E and F, 12 mm. O.D. glass tubes; G, a No. 11 rubber stopper bored with two 
holes of proper size; H, a 7 mm. O.D. glass tube, bent at a right angle and 
fitted with a piece of rubber tubing and a pinch clamp; J, a No. 10 rubber 
stopper bored with four holes of the proper sizes; J, a 45 mm. I.D. bottle cap 
(Arthur H. Thomas Company, No. 2318) ; K and M, 2 mm. bore capillary tubing 
with stopcock; LZ, 7 mm. O.D. tubing joined to K and M as shown; N, an 800 
¢.c. beaker or other suitable container. The 5 liter flask serves as the principal 
reservoir ; the bottle cap, as the intermediate reservoir ; the beaker, as the water 
bath. Tubes EZ and F function as a siphon to transfer water from the prin- 
cipal reservoir to the intermediate reservoir; tubes K and L, as a siphon to 
transfer water from the intermediate reservoir to the water bath. Tube H is 
an inlet for air which ultimately displaces water in the reservoirs. The bores 
of the different communicating tubes are selected so as to allow a water trans- 
ference which is smooth and of the proper rate. The level of the bottom of 
tube HZ is adjusted to about 12 mm. above the levels of the bottoms of tubes 
F and K and to about 20 mm. below the level of the bottom of air inlet tube H. 
Limb LZ is bent upward at the bottom to prevent steam from rising into the 
siphon when the bath is boiling. 
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The principal reservoir is filled at neck C after removing stopper B and 
closing controls at H, K, and M. Stopper B is then reinserted, and stopcocks 
A and K are opened to start the siphons. Stopeock A is then closed, and after 
the siphoning ceases temporarily, because of the development of a vacuum in 
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Fig. 1.—Diagram of constant-level, boiling water bath. 
ste 
the reservoir, the pinch clamp at H is opened. Siphoning then continues auto- i 
matically until the levels of water in the bath and in the intermediate reservoir tos 
are the same. The bath is heated most satisfactorily with the aid of an electric nu 
heating mantle which surrounds the entire vessel. During boiling of the water, the 


some dissolved air will be forced out of solution within the submerged portion 
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of limb Z and will rise into the tubing below the stopcock at M. This air may 
be removed at any time by gentle suction at M with the stopeock open. 


The apparatus operates on the following principle. When evaporation of 
water in the bath causes its level to be lower than the bottom of tube E, a break 
occurs between the surface of the water in the intermediate reservoir and the 
column of water within the tube. Air thus escaping into the large reservoir 
displaces an equal volume of water which then passes into the intermediate 
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Fig. 2.—Diagram of test tube rack for boiling water bath. 


reservoir by way of tube F. As soon as the level of water in the intermediate 
reservoir rises to the bottom of tube EH, further escape of air is blocked. The 
levei of water continues to rise somewhat above this point, however, and siphon- 
ing into the bath then automatically proceeds through limbs K and L. The 
whole cycle repeats itself whenever the level of water in the bath becomes lower 
than the bottom of tube EZ. The intermediate reservoir serves the function of 
preventing hot water and steam from entering the large reservoir. 

A convenient test tube rack which may be used in conjunction with the con- 
stant-level boiling water bath is shown in Fig. 2. It can be constructed of three 
Pieces of 0.035 in. sheet stainless steel 314 in. in diameter, spaced and bolted 
together with three 2 in. 1%» roundheaded stainless steel machine screws and 
huts to match. The top and center pieces are each drilled with ten 5% in. holes; 
the bottom piece, with twenty-four %,¢ in. holes. Wing-shaped pieces attached 
at the top serve to support the rack from the rim of the water bath. 
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Limb L of the siphon leading into the boiling water bath is placed adjacent 
to the flat side of the rack, with its outlet several millimeters below the bottom 
of the rack so that the entering cold water does not cool any of the supported 


tubes. 
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A SIMPLY CONSTRUCTED HALOMETER 


THEO. R. WauGH, M.D., AND THEO. R. WauGH, JR., B.A. 
MONTREAL, CANADA 


OR several years we have measured the diameter of erythrocytes by a com- 

paratively simple apparatus constructed in the laboratory. It employs the 
well-known diffraction principle and, without the use of any lenses, allows for 
the measuring of a bright halo approximately 200 em. in diameter. Dependable 
information as to the size of the red blood cells is obtained by its use and in the 
routine hematologic examination it has been found very valuable. Visitors to 
the laboratory have been impressed by its simplicity and usefulness and have 
suggested the details of its construction should be made available. 

The use of the phenomenon of diffraction in measuring the size of the red 
blood cells was first described by Young in 1813, but it was over a century later, 
in 1919, that Pijper rediscovered the method and introduced it to modern 
medicine. Since that time at least a dozen types of halometers have been 
described. Some are quite complex but have the advantage of small size and 
use in a light room. Others allow for comparison of the unknown smear with 
that of normal blood; while others employ parts of a microscope. None of these, 
however, in our experience, gives as large or as bright a spectrum or enables the 
examiner to make as satisfactory an analysis of finer changes in it as the simple 
apparatus described below. Many interesting controversial points have arisen 
concerning the method, and the literature on the subject has been very thor- 
oughly reviewed by Schalm, while Ponder, in several articles, has analyzed it 
more particularly from the physical standpoint. A bibliography of the more 
important articles is attached. 


MATERIALS AND METHOD 


Description of the Apparatus.—The halometer consists of a base board measuring 136 
by 12 by 2 em., across the left end of which is erected another board 19 by 12 by 2 em. 
perpendicular to it. On the inner side of the latter is placed a porcelain electric bulb receptacle, 
80 that its center is 11 em. from the base below. Wires pass through the board to an electric 
switch on the outside and hence to a plug-in wall socket. A 100 watt inside-frosted daylight 
blue bulb with rather long neck and over-all length of about 14 em. is used for the light source. 
The socket and bulb are enclosed in a cylindrical metal container, 21 cm. long by 14 em. in 
diameter, with a circular opening 7 cm. in diameter on the front side and over the source of 
light, so that the center of the opening is 11 cm. from the base and 15 cm. from the per- 
pendicular board at the end. (Fig. 1.) 

The inner circular cover of the housing should be removable to allow for renewing tlte 
electric bulb. In it is a circular opening 5 cm. in diameter, so placed that its center is 9 em. 
from the lower and 5 cm. from the upper edge. From this opening there extends a cylindrical 
metal tube 38 cm. long and 5 em. in diameter to fill the opening. The distal end of this tube 
is filled by a circular piece of wood in which is a slightly eccentric circular opening 1 em. in 
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diameter. The double eccentricity has been found to produce an efficient regulatory mechanism 
to control the direction and intensity of the side beam of light. On the edge of the base 
board, and starting at a point directly below the center of illumination, the distance to the 
right is measurable by a centimeter scale. This extends to the extreme right end of the board, 


a distance of 120 centimeters. 









































Fig. 1.—Diagram of halometer showing housing of light source and sliding mirror for meas- 
uring radius of spectrum. 


The radius of the halo is measured by the use of a laryngologic mirror resting on a 
block of wood having the shape of a truncated pyramid, 7 by 5 by 2 cm., that slides along 
the center of the base and is held in place by bevelled side pieces 60 em. long. On this 
wooden block is a metal base, from which a pointer extends out and down in front of the 
centimeter scale and a rod extends upward perpendicularly to support the small laryngologic 
mirror 1.5 cm. in diameter, The center of this should be 11 em. from the base board. The 
mirror is so adjusted at an angle to the light source that the beam is refiected into the eye 
of the observer. Actually, the polished back of the mirror has been used, as the front will 
give too strong a reflection. The whole apparatus, except mirror, bulb, and scale, is painted 
a dull black to absorb all undesired reflections. 

The apparatus is set up on triangular brackets on the wall of a room which can be made 
absolutely dark. The distance of its base from the floor should be such that the light source 
is level with the eye of an observer of average height, i.e., about 152 cm., and there should 
be a clear open space of at least 6 M. in front of it. 

Measuring the Erythrocytes.—To the observer standing at a distance of several meters 
in front of the apparatus, with the room darkened and an unstained smeared slide or cover 
slip held close to one eye like a monocle, the erythrocytes act as a double diffraction grating 
and there appear around the light source a series of coronas of increasing diameter and 
diminishing intensity. The first and smallest of these, which is the primary spectrum, is 
rather narrow and the colors are not too sharply defined, but the secondary corona appears 
about 60 em. in width from the inner violet to the outer red circle and the various colors 
and shades are extremely brilliant and well differentiated. Beyond this secondary red ring, 
the intensity decreases sharply into the violet of the tertiary spectrum. A very pale fourth 
corona is sometimes visible. 

Through diffraction by the cell edges, under the conditions that exist in the use of this 
apparatus, the radius of the ring of any specific color is dependent upon four factors, namely: 

(1) The wave length of the particular color chosen to be measured. 

(2) The number of the spectrum. 

(3) The distance of the observer from the source of light. 

(4) The diameter of the erythrocytes on the smear. This is expressed in an equation, 
as follows: 

ndA/d — Sin 6 = r/ Vr2 + s2 
where n is the number of the spectrum, is the wave length of the color used, d is the 
diameter of the erythrocytes, 6 is the angle of diffraction, r is the radius of the color line, 
and s is the distance of the smear (i.e. the observer) from the source of light. 

It is obvious, therefore, since r and s are variables of a different order, r being small 
relative to s, for definite values of n, \, and s, the diameter, d, of the erythrocytes is approx! 
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mately inversely proportional to r, the radius of the color line employed. Consequently, 
under conditions in which n, A, and s remain constant, the value of d may be determined 
readily by measuring r. 

Because of the breadth and brightness of the second corona and the fact that the third 
is so much less intense and hence allows reflected light from the mirror to shine through, as 
it is moved inward, we have found the bright red of the second spectrum to be the best 
color line to use. Under such circumstances nd equals 2 x 7,000A° or 0.00014 em. and tiis 
value holds constant as long as this color line is employed. Moreover, s, or the distance of 
the smear from the source of light, can be kept a constant by the observer’s always standing 
in the same position when making the measurement. This point is arbitrary, but computation 
is simplified if the point is chosen at which the value for r, or radius of the color line, is 
exactly 100 em. for erythrocytes of normal diameter. This distance measures 548 em. or 
18 feet. 

By substituting these values in our original equation and solving for d, it will be found 
that the diameter of the majority of erythrocytes of normal human blood, when smeared upon 
a slide, is 7.8 microns. In this connection it should be borne in mind that thick or very 
thin smears are not satisfactory, as in the former the cells appear small and overlap while 
in the latter a certain amount of stretching of the cell body occurs. Such smears do not 
give a bright corona, but by examining different parts of a smear or several smears it is 
possible to easily determine the spot where the optimum effect is produced and this is where 
the erythrocytes are close together but do not touch. This figure, of 7.8 microns, we have 
confirmed by direct measurement of the individual cells on the smear and construction of a 
Price-Jones curve; however this does not imply that this is the diameter of erythrocytes in 
normal fluid blood, as in all probability a slight amount of flattening of the cells occurs in 
such areas. It therefore holds, if the observer uses the stated color line and stands at the 
stated distance from the light source, that the diameter of the erythrocytes in a smear of any 
unknown blood can be computed by the following simple formula: 


a7 tS == 100/r’ 


d’ — 780/r’ 


where d’ is the diameter of the unknown erythrocytes and r’ the measure of the radius of 
their color line. Once the proper point of the smear is found by means of the brilliancy 
and sharpness of the coronas, the value of r’ is readily determined by sliding the wooden 
block to the left until the reflected light on the mirror is exactly in line with the observed 
color line. The pointer then indicates on the scale below the value of the radius in centimeters. 


DISCUSSION 


It should be noted that the measure obtained is that of the mode of the 
diameters of the erythrocytes and not the mean diameter as usually stated in 
the literature on the subject. Actually, in relatively normal blood, as evidenced 
by the symmetrical rise and fall of the Price-Jones curve, the two are identical, 
but under pathologic conditions the difference can be appreciable. It would 
appear that each cell in the area of the smear being measured throws a halo into 
the eye of the observer. These are superimposed upon one another, but those of 
the majority of the cells being of uniform size, by their intensity, blot out 
the others from perception. This fact can be demonstrated readily by preparing 
smears of normal human blood to which various proportions of cats’ blood have 
been added. The erythrocytes of this animal have a diameter of 5.6 microns. 
With small proportions no change takes place in the size of the halo, but when a 
sufficient amount of cats’ blood has been added, a second halo becomes perceptible 
beyond that due to the human erythrocytes. 
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With this in mind it is obvious why slight degrees of anisocytosis do not 
alter the results obtained. However, as the variation in size becomes greater 
the secondary corona becomes less bright and the tertiary disappears. This is 
due to the fact that the spectra cast by a vast majority of the cells are no longer 
exactly superimposed on one another, but sufficient smaller cells are present, 
with halos shifted to the right, to make a perceptible widening or paling off of 
the red color band. Similarly, the larger cells produce a spreading to the left of 
the violet. This results in an increase in the total width of the spectrum as 
described by Pijper. However, no actual shift in the position of the bright 
red color line occurs unless the mode of the erythrocyte diameters is changed. 
Some authors advocate the use of the yellow line, on the grounds that it remains 
stationary in the presence of anisocytosis without change in the average diameter 
of the cells. This is in a sense true because the yellow of nonmodal cell spectra 
is lost in adjacent colors. However, the color line to be measured is no more 
precisely defined here than in the red. A point may be reached in very extreme 
inequality in the size of the cells at which measuring becomes difficult or prac- 
tically impossible. The method, therefore, offers an excellent and rapid means 
of determining the degree of anisocytosis in any sample of blood. 

In the presence of cold agglutinins sufficient clumping of the erythrocytes 
may occur to destroy any satisfactory halo formation. Such a result should 
make one suspect the presence of this condition and if the use of warmed slides 
and rapid preparation of the smears does away with the difficulty, the diagnosis 
is confirmed. 

Very small halos are almost invariably due to pernicious anemia or one of 
the other conditions caused by liver extract deficiency, and the improvement 
after therapy can be followed readily by the test. 

In obstructive types of jaundice, the erythrocytes tend to flatten out without 
increase in volume. This leads to the production of an appreciably smaller halo, 
which is in distinct contrast to the very large one encountered in the familiar 
type of hemolytic icterus. 

The apparatus described may be modified for particular purposes if desired. 
For experimental work on animals in which the erythrocytes are small, halos 
up to a radius of 200 em. may need to be measured, if the same distance of the 
observer from the apparatus is maintained. Under such circumstances a longer 
base board is necessary. A simpler solution, however, is to reduce the distance 
between the smear and the light source, with proper alteration in the compu- 
tation. The centimeter rule for measuring the size of the halo may be replaced 
by a seale giving a direct reading of the size of the erythrocytes, but when this 
is done, all readings must, of course, be taken from a fixed point. On the 
other hand, if one prefers, the reflecting mirror may be set at a definite point 
and a scale indicating the diameter of the erythrocytes for the corresponding 
distance from the light source marked off on the floor. 

After reviewing thoroughly the medical literature on the subject of erythro- 
cytometry by the diffraction method, one is impressed by the fact that there are 
many controversial points to be settled and considerable disagreement as to its 
precision. There is no uniformity of opinion by authors using different types 
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of apparatus as to the size of the diameter of the normal erythrocyte. The per- 
sonal factor appears to enter into the choice of the color line and some physicists 
stress the desirability of using monochromatic light and question the integral 
nature of n in the equation when measuring circular objects. Be that as it 
may, we are absolutely certain from several years of experience, using the 
simple apparatus described herein, that it is an extremely valuable method in 
practical clinical hematology. 
CONCLUSIONS 
The construction and method of use of a comparatively simple type of 
halometer without lenses are described. This apparatus, which employs the 
well-known diffraction principle, produces a large halo, measurement of which 
allows for the ready estimation of the mode of the erythrocyte diameters in a 
smear of blood. 
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ERRATUM 


In the article ‘‘The Long-Term Evaluation of Folic Acid in the Treatment of Pernicious 
Anemia’’ by Schwartz, Kaplan, and Armstrong, in the June issue of the JOURNAL, 
sentence in the second paragraph, p. 894, should read, ‘‘In 1945, the synthesis of a compound 
identical with the L. casei factor isolated from liver was reported! and this compound was 
made available for clinical trial.’’ ; 
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FURTHER STUDIES OF AGGLUTINATION AND INHIBITION IN THE 
Le*-Le’ SYSTEM 


O. J. BRENDEMOEN, M.D. 
OsLo, NoRwAY 


HE Lewis type originally was described by Mourant,’ who found two anti- 

Lewis serums agglutinating twenty-four of ninety-six blood specimens inde- 
pendent of other blood types. Further, Mourant recognized the Lewis type as 
inherited and probably, but not certainly, a dominant hereditary quality. An- 
dresen* tested 500 adults and found 21 per cent Lewis positive. Testing of chil- 
dren showed that about 70 per cent of all children were Lewis positive before 
the age of 6 months. According to Andresen the 21 per cent of Lewis-positive 
adults represented homozygotes of a Lewis-positive gene, and about 70 per cent of 
Lewis-positive children represented homozygotes and heterozygotes. Brende- 
moen* tested mothers and their children (fresh umbilical cord blood) and found 
in the children weak Lewis-positive reactions with the same frequency as in their 
mothers. The ratio of Lewis-positive mothers to Lewis-positive children indi- 
cated that the Lewis type was a recessive property. 

Andresen‘ investigated an antibody which was almost completely antitheti- 
cal to the original anti-Lewis serum in its reactions with O blood and ealled it 
anti-L., and the corresponding antigen, L,. In A, blood the anti-L, reactions 
were but weak, which according to Andresen was due to epistasis. 

The frequencies were: 


L,+ Lot 

(%) (%) 

In A, blood 20 42 
A, blood 20 72 

O blood 20 72 


Brendemoen® demonstrated that anti-L, serums were easily inhibited by the ma- 
jority of salivas. Inhibiting L,-substances could be demonstrated in forty-one of 
forty-five saliva specimens from nonselected persons. Saliva from three anti-L, 
producers showed no inhibition. An inhibiting L, substance in serum could only 
be demonstrated in L,+ blood. Grubb*® found that L,+ persons were nonsecretors 
in the ABO system, and thereby confirmed Andresen’s opinion that the L, type 
was a recessive property; also, he demonstrated an inhibiting L, substance in 
saliva specimens. Race and co-workers’ tested eighty-nine families and again 
confirmed that L,+ adults were genetically homozygotes. 
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Hubinont® described an anti-L, serum agglutinating 65 per cent of O bloods 
and 50 per cent of A bloods and suggested its being identical with Andresen’s 
anti-L,. Addition of purified A blood group substance reduced the agglutination 
to 50 per cent in both A and O blood. 

At a meeting® the notation was changed and the following genotype- 
phenotype notation agreed upon: 


Original phenotype Lit Lit 
Phenotype Le(a+b—) Le(a—b+) 
Genotype Le*Le* Le*Le” or Le?Le? 


The present investigation is mainly based upon four anti-Le* serums and 
two anti-Le” serums, which were used to study (1) the distribution of the Le* 
and Le” substances in saliva and serum, and (2) their relationships to the red 
cell Le(a+b—) and Le(a—b+) phenotypes. 


MATERIALS 


The anti-Le serum (Ingier) originates from a para I of type A,MN P+ rr Le (a-b-), 
secretor of A and H substances, nonsecretor of the Le> substance (Aagaard), secretor of the 
Le> substance (Mathisen). Saliva from Ingier diluted to 1/1,000 inhibits the Mathisen 
antibody. There is no inhibition of the anti-L >» Aagaard. Three other anti-Le@ serums 
were used in parallel on the red cells, all from group A, persons, and all having the same 
Lewis type and secretion type as Ingier, two of which were from rr persons, one from an 
R,r or R,R, person. 

The anti-Lea serums used are all active at 37° C. They are similarly active on the 
red cells, The Lea frequency given below is based upon Ingier, which is the most specific 
of the anti-Lea serums. 

The anti-Le> serum Aagaard originates from a para I of type AMN P+ R,R,Le(a-b-), 
nonsecretor of A and H substances, nonsecretor of Le substances, and nonsecretor of the 
Le> substances Aagaard and Mathisen. The agglutination of this antibody is most prob- 
ably independent of the ABO system. The antibody is most strongly active at room tempera- 
ture (15 to 20° C.). 


TABLE I. INTERRELATIONSHIPS OF ANTI-LE@ PRODUCERS AND ANTI-LE> PRODUCERS 








Producer of Anti-Le Producer of Anti-Le> Mathisen 
In serum: anti-Le> Mathisen 


Cell ty Le (a+ b-) 


Saliva type: s 
Pe 


Leb Aagaard — 


In serum: anti-Les 


Cell type: Le (a— b-) 






pe: 
Saliva type: S 

Lea- 

Leb Aagaard — 


Leb Mathisen + Leb Mathisen — 
| Producer of Anti-Le» Aagaard 








In serum: anti-Leb Aagaard 


No Cell type: Lea-b- 
interaction Saliva type: s 
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Leb Mathisen — 
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The anti-Le> serum Mathisen originates from a para I of type A,B N P+ R,R,Le 
(atb—), nonsecretor of A, B, and H substances, nonsecretor of the Le> substances Aagaard 
and Mathisen, secretor of Le@ substances, Saliva from Mathisen diluted 1/100 inhibits our 
four anti-Le@ serums. The antibody is most intensively active at room temperature (15 to 
20° C.). The intensity of the agglutination of the Mathisen antibody is very markedly 
dependent of the ABO type of the test cells, i.e., the antibody agglutinates a Le> product 
in the red cell, while the intensity of agglutination depends on the red cells’ ABO type 
as follows: 


O=A,>A, 
where the strongest agglutination is seen in O and A,,. 


The interrelationships of the anti-Le4 producers and anti-Le> producers used are then 
as shown in Table I (S indicates secretion of A or B substances and H substances, s in- 
dicates nonsecretion of A or B substances and H substances). 


Secretor or nonsecretor status in the ABO system is tested with strong human anti-A and 
anti-B serums. H secretions are tested with a hetero-anti-H from rabbits kindly given to us 
by Dr. W. T. J. Morgan. 


TECHNIQUE 


Anti-Le@ serums were tested against a 4 per cent suspension of red cells in physiologic 
saline, incubated for three hours at 37° C. Anti-Le> serums were tested in the same manner 
at room temperature, 


Recently collected saliva was used for saliva inhibition tests, It was boiled for thirty 
minutes and centrifugated. For determination of Le@ and Le> substances saliva was used in 
the following dilutions: undiluted, diluted 1/10, and in some cases 1/100, 1/1,000, and 
1/10,000._ To 1 drop of saliva (dilution) were added 3 drops of antibody, incubated for five 
minutes at room temperature; 1 drop of a 4 per cent suspension of cells of appropriate Lewis 
phenotype was added, and the tests were incubated for thirty minutes at room temperature and 
then centrifuged. For determination of Le substances O or A Le (+ b-—) cells were used; 
for estimation of Le> substances, O Le (a— b+) cells. It was never found that the A or O 
type of the test cells was of importance for the results with the anti-Le® serums or with the 
anti-Leb Aagaard. Undiluted saliva and saliva diluted 1/10 were used, All saliva determina- 
tions in one person are estimated in the same sample. The A and B secretions were in general 
estimated by serial dilutions of anti-A or anti-B, respectively, to which were added equal vol- 
umes of saliva diluted 1/10. Appropriate test cells were then added after fifteen minutes of 
incubation. For estimation of H-secretion the anti-H was diluted 1/2 in saline and titrated 
further in serial dilution. Equal volumes of undiluted saliva were added to each tube, and 
incubated for fifteen minutes, whereafter equal volumes of a 4 per cent suspension of O cells 
were added. The conténts were centrifuged after thirty minutes, A control with saliva from 
4 nonsecretor of A and H substances was used, 


RESULTS 


In 283 unselected blood samples of groups A,, A,, and O, the Le*Le? fre- 
quencies were: 


Le (a+ b-) Le (a— b+) Le (a— b-) Le (a+ b+) 
(Ingier) (Aagaard) 
53 215 14 1 
18.7% 76% 4.9% 0.4% 


The frequencies were independent of A,, Az, and O type, MN and P type, 
and Rh type. 

A Le? group specific substance in serums from Le(a—b+) could be demon- 
strated, but not in serums from Le(a+b—) or Le(a—b-) persons. One volume of 
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serum from Le (a—b+) persons who always found capable of inhibiting 1 vol. of 
anti-Le? Aagaard, while 2 vol. of antibody to 1 vol. serum gave in general no 
inhibition. 

A total of 108 unselected saliva specimens were tested, and the results are 
given in Table II]. Nonsecretors of A or B and H substances are recorded as 
s, secretors as S. 


TABLE II. SALIVA INHIBITION RESULTS FOUND WITH THE ANTI-LE@ SERUM INGIER AND THE 
ANTI-LEb SERUMS AAGAARD AND MATHISEN 









































LE@ SUBSTANCES | LED SUBSTANCES | LED SUBSTANCES 
INGIER AAGAARD MATHISEN 
NUMBER OF SALIVAS|NUMBER OF SALIVAS | NUMBER OF SALIVAS 
SALIVA FROM INHIBITING INHIBITING INHIBITING 
LEWIS PHENO- UN- DILUTED UN- | DILUTED UN- DILUTED 
TYPES DILUTED 1/10 DILUTED | 1/10 DILUTED | 1/10 
Nonsecretors in 1 Le(a—b-) 0 0 0 0 0 0) 
the ABO system| 17 Le(a+b—) beg , aa 12 5 a i 
Secretors in the 87 Le(a—b+) | 87 41 87 87 87 87 
ABO system 4 Le(a-b-) 0 0 4 0 4 Pi 





It appears from Table II that there is a marked difference between the 
two anti-Le® serums. The anti-Le” Mathisen is not inhibited at all in saliva from 
s Le(a+b—) persons. The anti-Le? Aagaard is inhibited to a considerable extent 
in these saliva specimens. 

The anti-Le* serum Ingier is in general inhibited in saliva from S Le(a-b+) 
persons, but not in saliva from the four S Le(a—b—) persons. A total of forty- 
one saliva specimens from Le(a—b+) persons contained Le* substances detectable 
in a dilution of 4,9 or higher, while forty-six salivas contained Le* substances 
detectable in undiluted saliva only. 

Ten salivas which only undiluted inhibited the anti-Le* serum Ingier were 
tested parallelly with an anti-Le* serum from an A, R.r or R,R, person. Salivas 
were carefully titrated, and the inhibition period was timed to three and five 
minutes. Parallel results were found. 

Lewis Phenotypes in B and AB Blood Groups.—Saliva investigated from 
persons of these groups showed Le* substances and Le” substances to the same 
extent as in the A and O groups. 

A specimen of saliva most probably containing no Le* substances and very 
little if any Le? substances was used for neutralization of the anti-B in the Lewis 
serums. Inhibition time was two minutes, whereafter cells were added. Longer 
inhibition time destroyed or inhibited the anti-Le* and anti-Le? Aagaard. Lewis 
phenotypes were then in seventy-eight B bloods: 


19.2 per cent of phenotype Le(a+, Aagaard —, Mathisen —) 
60 per cent of phenotype Le(a—, Aagaard +, Mathisen +) 
17 per cent of phenotype Le(a—, Aagaard +, Mathisen—) 
3.8 per cent of phenotype Le(a-, Aagaard —, Mathisen —). 


In thirty-one A,B bloods: 

22.5 per cent of phenotype Le(a+, Aagaard —, Mathisen —) 
61 per cent of phenotype Le(a—, Aagaard +, Mathisen —) 
16.5 per cent of phenotype Le(a-, Aagaard -, Mathisen —). 
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The results demonstrate that the Lewis phenotypes found by the anti-Le* 
serum and the anti-Le? serum Aagaard most probably exist in all blood groups 
independent of the ABO system. The Mathisen phenotype is to some extent 
present in B blood, but is completely absent in AB blood. 


COMMENTS AND FURTHER RESULTS 


lor the genetics of the Le* secretion two rather different possibilities 
seem to remain open. The present inhibition results which demonstrate that 
104 out of 108 nonselected saliva specimens may inhibit anti-Le* serums |salivas 
from persons of phenotypes Le(a+b— Aagaard) and Le(a—b+ Aagaard) | make 
a secreting Le* gene possible with a frequency of about 104/108 :100 = 9 per 
cent. The only relationship of such a gene to Schiff’s secretor gene (S) could 
be its expression in the red cells of persons being ss. 





Contradictory to this view are the very large differences in amounts of 
Le* substances secreted; in general, persons of phenotype Le(a+b—) secrete 
more Le* substances than persons of phenotype Le(a—b+) Aagaard do. This 
quantitative phenomenon seems to indicate that persons of phenotype Le(a+b-—) 
are homozygous for a Le* secreting gene; quantitative saliva inhibition tests 
may thus reveal whether an individual is heterozygous for this gene. A secret- 
ing Le* gene of this type will be closely linked to the Schiff’s nonsecretor gene 
(s), but this involves that some crossing over types must exist, because some 
persons of type Le(a—b— Aagaard) are homozygous ss and nonseecretors for Le* 
and Le? substances, 

Grubb and Morgan’® have recently published a study of anti-Le* serums 
and an anti-Le? Buckstein presumed to be identical with Andresen’s anti-Le? 
serum. These authors suggest a genetic scheme with three closely linked loci, 
including the allelomorphs s and 8S, Le* and the hypothetical Le*, the hypo- 
thetical Le’ and Le’. 

A selected mating of ¢ A, Le(a-b— Aagaard), secretor of A substances, 
nonsecretor of Le* substances, nonsecretor of Le? substances Aagaard, secretor 
of Le® substances Mathisen with 9 A, Le(a+b- Aagaard), nonsecretor of A sub- 
stances, secretor of Le* substances, nonsecretor of Le” substances resulted in an 
adult son of the same type as the mother, revealing that the husband was 
heterozygous Ss for Schiff’s secretor gene, but nonseeretor of Le* substances 
and consequently a crossing over type of s and Le*. The husband’s saliva was 
checked with ten anti-Le* serums from female anti-Le* producers. 

However, the poor specificity of anti-Le* serums within the triple locus 
concept makes it improbable that they should not be capable of reacting with 
the saliva from the husband above. Consequently it is more probable that the 
large amount of Le* substances found in saliva from persons of phenotype 
Le(at+h—) is caused by the specific effect of the s gene itself on substrata which 
are present in approximately 96 per cent of all saliva. 

The Le” substances Aagaard and Mathisen may thus be regarded as two 
different products of Schiff’s secretor gene, giving rise to two closely linked 
phenotypes in the red cells. The ABO genes express their presence on the Le” 
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Mathisen phenotype. The Le” Aagaard phenotype seems to be independent of 
the red cells’ ABO groups. The effect that B saliva not containing Le* and 
Le” substances may inhibit this anti-Le’ serum containing anti-B is most prob- 
ably due to the so-called ‘‘Sekundarbindung.’’* Similar phenomena may be 
obtained with anti-Le* serums containing anti-B. 

The different origin of the two anti-Le” serums reflects different specificity 
for Le(a+) ss salivas. The anti-Le? Mathisen, as originating from a Le(a+) ss 
producer, is strongly specific for Le(a+) ss salivas. The anti-Le” Aagaard, 
originating from a Le(a—) ss producer, is slightly inhibited by saliva from 
Le(a+) Ss persons, 

SUMMARY 


Two hundred and eighty-three blood samples of groups A,, A,, and O have 
been tested by means of an anti-Le? Aagaard, which agglutinated A,, A., and 0 
blood with the same frequency and by means of four anti-Le* serums, one of 
them, Ingier, being used as standard. The frequencies encountered were as fol- 
lows: 


Le(a+b-) Le(a—-b+) Le(a-b-) Le(a+b+) 
18.7% 76% 4.9% 0.4% 


A second type of anti-Le” serum (Mathisen) showed close parallel results 
with the anti-Le? Aagaard in O and A, blood, but this phenotype was largely 
inhibited in A, and B blood. 

A total of 108 nonselected saliva specimens has been tested for A, B, H, Le* 
and Le” substances. The nonsecretors of A, B, and H substances were found to 
be of phenotype Le(a+b—), except one of phenotype Le(a—b—) nonsecretor of Le* 
and Le” substances. Secretion of Le* substances was found in all saliva speci- 
mens from persons of phenotype Le(a+b—) ; furthermore, it was found in saliva 
from all persons of phenotype Le(a—b+), but to a highly varying extent. Le* 
substances were not found in four saliva specimeas from persons of phenotype 
Le(a—b—), secretors in the ABO system. 

The saliva inhibition tests consequently did not reveal whether the pheno- 
type Le(a+) is genetically Le*Le*, giving rise to a specific Le* product in saliva 
or purely expressional. Corresponding considerations concern the present Le 
phenotypes and the Le? substances. 
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THE TRANSMISSION OF HEMOLYTIC STREPTOCOCCAL INFECTIONS 
IN INFANT WARDS WITH SPECIAL REFERENCE TO 





‘““SKIN DISPERSERS’’* : 
CLAayTon G. Loosui, M.D., M. H. D. Smiru, M.D.,¢t J. CLINE, B.S., AND ‘6 
L. NELSON, B.S. tt 

Cuicaco, IL. 
INTRODUCTION al 
HE problem of prevention of nosocomial infections among infants and chil- : 
dren cared for on open isolation wards continues to be a difficult one.’ * * : 

This is particularly true in the case of streptococcal diseases. Reports of epi- a 

demics of streptococcal infections occurring in hospitals and also in schools and k 

military establishments are numerous.*!? Streptococcal disease may manifest f 

itself in a wide variety of illnesses such as pharyngitis, tonsillitis, otitis media, 

cervical adenitis, scarlet fever, erysipelas, and suppurative skin and wound in- : 

fections.*"'* Transmission may occur in many ways, such as by direct contact “ 

with infected excretions from an individual or indirectly by the inhalation of 4 

droplets, droplet nuclei, or dust-borne particles carrying the pathogenic agents." ‘s 
In the adolescent and adult, streptococcal diseases occur principally as i" 

upper respiratory tract infections with or without a rash. Such individuals ex- I 

pel varying numbers of organisms during different respiratory activities such 

as talking, coughing, sneezing, and blowing the nose.’*?® 17 Hamburger and 

associates'* have concluded that individuals with positive nose as well as throat 

cultures should be considered ‘‘dangerous dispersers’’ because they usually ex- ‘“ 

pel far larger numbers into the environment than do those with only positive d 

throat cultures. During talking, sneezing, and coughing, streptococci are ex- re 

truded directly as droplets, some of which fall quickly to become components of ni 
dust while others evaporate and remain suspended in the air for longer periods : 

of time. The ‘‘nasal disperser’’ however, soils his hands and handkerchief with a 

nasal discharge containing, at times, millions of streptococci and secondarily ge 

contaminates his surroundings with his hands and the dried secretions shaken ei 
from his handkerchief.'® 7° " 

In infants and children streptococcal infections are more varied. Infants ‘ 
particularly may show little clinical evidence of the presence of an invading : 
streptococcus. Boisvert, Powers, and associates’ ?!-24 have published several te 
reports on streptococeal infections (streptococecosis) in infants and children. 

They have shown that streptococcal infections of the skin and its appendages Ww 
From the Department of Medicine, University of Chicago. : 
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are frequent and consist of erysipelas, cellulitis, pyoderma, ecthyma, paronychia, 
impetigo contagiosa, and pemphigus neonatorum.” Suuppurative otitis media 
and infections of the skin of patients with eczema were generally frequent."* 

In those environments (hospital wards and barracks) where streptococcal 
disease is occurring, the air and dust are found to contain large numbers of 
streptococci.® 1* 2°82. The spread of infections via the secondary environmental 
‘‘reservoirs’’ is now considered important as indicated in reviews of the litera- 
ture.14: 33 34 

The present report concerns our experience with the hemolytic streptococcus 
and particularly the role of the ‘‘infected skin disperser’’ in the contamination 
of the environment and the spread of infection to other patients and hospital 
personnel. The data were collected at the Harriet Lane Home of the Johns 
Hopkins Hospital during the study of the evaluation of triethylene glycol vapor 
as a means of control of cross infections in infants’ wards.*® Extensive bacterio- 
logic surveys were carried out. Numerous specimens for culture were obtained 
from the nasopharynx of each patient (as well as from any skin lesion or wound 
present), from the ward environment (air, dust, and bedclothes), and also 
from the noses and throats of the members of the staff concerned with the care 
of the patients. Among the infants, particular attention was given both to 
apparent and clinically inapparent infections caused by the hemolytie strepto- 
coceus. This investigation also provided an opportunity to study the possible 
avenues of spread of this organism among the infants and attending personnel. 
It covered the period from Nov. 1, 1945, to May 27, 1946. 


MATERIALS AND METHODS 


Aseptic Techniques.—Only a brief summary of the aseptic techniques employed in the 
care of the infants on the wards where this study was carried out will be given.36 As 
described and taught to the student nurses, they represented procedures agreed upon by 
representatives of the medical and nursing staffs as necessary for the prevention and 
control of infections. 

Wards: The two wards were on the fourth floor of the Harriet Lane Home, which is 
a children’s hospital, and were comparable in size and shape (10 by 60 feet). Each was 
divided into cubicles with walls extending from the floor to a height of approximately 
seven feet. Space was provided in the west ward for sixteen beds and in the east ward for 
eighteen beds. The wards were heated by hot water and ventilated by opening windows. 
A sketch of the west ward was given in a previous paper.®5 

Each cubicle was considered a unit in itself. It contained (a) a crib, (b) bedside 
table, (c) bath basin, (d) soap dish, (e) thermometer tray complete with glass and 70 per 
cent alcohol, rectal thermometer, lubricant, box of paper handkerchiefs, comb, and sterile 
toothpick swabs. 

Care of Floors: The floors were covered with a composition linoleum, They were 
waxed once every two or three weeks. After the morning toilet of the infants was com- 
pleted, the floors were swept with a short-hair broom covered with a damp cloth. In the 
afternoon the utility room (tile floor) was scrubbed with soap and water. In the late 
afternoon the floors were gone over with an oil-treated mop to remove dust and lint. 

Soiled Linen and Bedclothes: The sheets on each bed were changed daily. The soiled 
sheets were placed in a hamper in the center of the ward. Soiled gowns, diapers, stockings, 
towels, etc., also were placed in appropriate containers. Cotton blankets were kept 
covered by a bedspread and were not cleaned until the patient was discharged. 
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Preparation of Units for New Patients: With the transfer or discharge of a patient, 
all the equipment from the bedside table was disinfected. The bed was stripped and the 
mattress, rubber sheets, and pillows were aired on the roof for two to six hours. The 
furniture and sides of the cubicle were scrubbed with soap and water, as was the floor. 

Ward Technique of Handling Patients: Insofar as possible an aseptic technique was 
followed when caring for the infants. Gowns were worn by nurses and. attendants when 
feeding and dressing the infants, or when making up the patients’ beds. Doctors also 
wore gowns when examining and carrying out treatments. The gowns were changed and 
the hands washed thoroughly with a brush, soap, and water before and after caring for 
each patient. Masks were worn when very young infants or infants ill with respiratory 
infections were handled.3¢ 

Visitors were allowed on the wards only at the time of admission and thereafter at 
weekly intervals on Sunday afternoon. They were required to wear caps and masks and 
sleeveless gowns when visiting the wards. Before entering the wards they were urged 
not to handle the infants in any way. These instructions were not always carried out, 
however. 

Doctors, nurses, attendants, and visitors with active respiratory infections were not 
allowed on the wards. During a mild infection some doctors, however, continued on duty 
but wore a mask. In case of emergencies and during ward rounds when large numbers of 
doctors were in attendance these precautions were not always followed. 

Patients: Infants from 1 day to 2 years of age were admitted to the wards with a 
variety of medical and surgical illnesses. Approximately half of the patients had respira- 
tory tract or skin infections at the time of admission. They were admitted alternately, as 
far as possible, to the two wards.35 In a few instances they were shifted purposely from 
one ward to another. During the period of study, 178 patients were on, or admitted to, 
the west ward, while 183 were admitted to the east ward. The mean number of patients 
per day on the east and west wards, respectively, were 14.2 and 15.3. 

Bacteriologic Methods.— 

Patients: Two nasopharyngeal cultures were obtained from each infant on admission 
and one thereafter on Monday and Thursday of each week and one at the time of dis- 
charge. All patients developing secondary infections of the respiratory tract, skin, and 
wounds were also cultured. The nasopharyngeal cultures were taken in the following 
manner. A small copper wire swab, moistened in fresh beef-heart infusion broth to which 
2 per cent defibrinated sheep blood was added, was inserted first through one nostril and 
then the other nostril into the nasopharynx, for ten to fifteen seconds. It was then re- 
moved, smeared on a blood (5 per cent sheep) agar plate, and inserted again into the 
blood broth. The blood agar plate was streaked in the laboratory, Both broth and plate 
cultures were incubated for eighteen hours at 37° C. The plates were examined for beta 
hemolytic streptococci.* Streptococci, if present, were picked and transferred to tryptose 
phosphate broth for grouping and typing after the manner of Swift, Wilson, and Lance- 
field.37 + 

Hospital Personnel: Nose and throat cultures were taken routinely once a week on the 
professional staff, nurses, and ward attendants. For several weeks, from February through 
March, nose and throat cultures were taken on visitors (parents, friends, and so on) of the 
patients. The cultures were then examined as described from beta hemolytic streptococci. 

Environment: Bacteriologic analyses of the air in the wards were made twice weekly 
employing the Folin bubbler sampler and blood-agar ‘‘open plate’’ methods previously used 
by the Commission on Air-Borne Infections in other studies.31, 38 The samples were taken on 
the west and east wards on consecutive days (Monday and Tuesday, Thursday and Friday), 
usually from 7:30 A.M. to 9:30 A.M., during the period of maximum activity (bed making, 


bathing, feeding of infants, and floor sweeping) .35 
*Beta hemolytic streptococcus will also be referred to as streptococcus, hemolytic 
streptococcus, and B.H.S. ; 
tAll extracts were first set up in Groups A, B, and C antisera. If the streptococcus did 
not fall in these groups, the extracts were set up in Groups D, E, F, G, and H antisera. 
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At the time the air cultures were taken, two Folin bubbler samplers were set up 
simultaneously, one at each end of the ward. Each sampler ran for twenty minutes, pulling 
air through at the rate of 1 cu. ft. per minute. A total of ten to twelve such samples was 
taken during one morning’s run. Aliquots of the bubbler broth were then plated for total 
bacteria (0.5 ml.) and for hemolytic streptococci (2.0 ml.); gentian violet in a dilution of 
1 to 750,000 was added to the latter to inhibit the growth of other organisms. Gentian 
violet was also added to the remaining broth which was incubated for eighteen hours at 
37° C. and inoculated intraperitoneally into mice for isolation of pneumococci.* 

Open blood agar plates (without gentian violet) were placed on the bedside tables and 
exposed to the ward air for one hour (7:30 to 8:30 A.M.) and others containing gentian violet 
were exposed from 7:30 to 11:30 a.m. Counts for total bacteria as well as for hemolytic 
streptococci were made, and the latter were picked for grouping and typing. Streptococci 
picked from the plates were inoculated into blood broth and incubated at 37° C. for eighteen 
hours and finally transferred to tryptose phosphate broth for grouping and typing. 


OBSERVATIONS 


History of ‘‘Primary Skin Disperser’’ of Beta Hemolytic Streptococcus 
Group A Type 33.—The repeated skin infections of one infant with infantile 
eczema made it possible to collect the following data. Therefore, a summary of 
her history while on the wards is pertinent. 


I. B. (A-43706) was a colored female infant born March 30, 1945, and first admitted 
to the Harriet Lane Home (Ward 4 West) Oct. 16, 1945, at the age of 614 months because 
of severely infected eczema involving the greater part of the body. The mother first noted 
that the patient’s ‘‘cheeks were red and rough’’ at six weeks of age. By two months of 
age they had become pustular and the red and pustular area had spread over the head, neck, 
trunk, and buttocks. The family history revealed no allergic manifestations in the parents 
or one older sibling. 

Physical Examination: On admission, the infant appeared well developed and nourished 
and weighed 1514 pounds. Her entire body was covered with scabs, scales, pustules, and 
oozing lesions. Some lesions appeared to be healing. The conjunctivae were inflamed and 
the eyelids swollen and almost closed. There was generalized glandular adenopathy. The 
patient ’s temperature was normal. 

Course in Hospital: On admission, cultures of the skin yielded a hemolytic Staphylococcus 
aureus and a beta hemolytic streptococcus. A streptococcus was also isolated from the throat 
but neither strain was grouped or typed. The patient was treated with intramuscular 
penicillin 10,000 units every three hours from Oct. 16 to Nov. 4, 1945, and with sulfadiazine 
0.3 Gm. every three hours from Nov. 8 to Nov. 12, 1945, in addition to hot saline compresses, 
sedatives and transfusions. Throughout this period she was afebrile and the skin improved 
markedly. 

Routine culturing as part of the study was begun on Nov. 4, 1945, and no hemolytic 
streptococci were found until Nov. 21, 1945, eight days after sulfadiazine had been discon- 
tinued. Streptococci were cultured from fresh pustular skin lesions and from the naso- 
pharynx and were found to be Group A, Type 33. The patient ran fever and an x-ray taken 
November 25 showed bronchopneumonia. A Type 32 pneumococcus was also isolated from 
the nasopharynx. She was again given simultaneously sulfadiazine and intramuscular penicillin 
until Dec. 29, 1945; during this time the skin and general condition improved. 

On Jan. 1, 1946, both nasopharyngeal cultures and skin lesions yielded B.H.S. Group A, 
Type 33. During the next two weeks while being treated with wet dressings alternated with 
dry heat, the patient’s skin became worse, finally turning into a mass of oozing, crusting, and 
pustular lesions. These invariably began on the upper lip about the mouth and rapidly spread 
to the scalp, neck, and body. During this period the ward environment became heavily con- 


*The study of pneumococcal infections among the infants will be the subject of a 
Separate report. 
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; ie ri infantile eczema 
Fig. 1.—Streptococcal contamination of the ward environment by patient with infantile 
infected with Group A, Type 33 beta hemolytic streptococcl. 
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taminated with streptococci. On January 14 penicillin treatment, 10,000 units intramuscularly 
every three hours, was begun and continued until January 23. The patient’s skin improved 
markedly and the cultures became negative for streptococci but Group A Type 33 could be 
cultured from the nasopharynx. There was a simultaneous disappearance of hemolytic 
streptococci from the environment. 

The patient was transferred to Ward 4 East (Cubicle 9-10) on January 22 and again 
treated with wet dressings alternated with dry heat. As before, the skin about the patient’s 
mouth became pustular and the infection rapidly spread to other parts of the body. By 
February 4, pustular, oozing lesions were extensive. With the return of the skin infection the 
ward environment became heavily contaminated with streptococci (Fig. 1). On February 7 
the patient was returned to Ward 4 West where she remained until March 12 when she was 
transferred to a single room. Within forty-eight hours after transfer from Ward 4 East to 
Ward 4 West there was marked clearing of the ward air of streptococci in the former and 
again extreme contamination of the latter, Fig. 1. In spite of no further treatment with 
penicillin or sulfadiazine the patient gradually improved and the skin cultures were negative 
for hemolytic streptococci on April 18. The culture of the nasopharynx was still positive for 
beta hemolytic streptococci Group A, Type 33, but the skin showed only residual thickening 
and sealing at the time of discharge from the hospital on April 27, 1946, after six and one-half 
months in the hospital. 


Group and Types of Beta Hemolytic Streptococci Isolated From Individuals 
and From the Environment.—The groups and types of beta hemolytic strepto- 
cocci isolated from the patients and personnel are shown in Table I. Most of 
these groups and types were at some time isolated also from the ward air or 
dust as shown in Table II. Group A B.H.S. comprised approximately 94 per 
cent and 99 per cent of the strains isolated respectively from human sources 
and from the environment (Table II). Approximately 78 and 88 per cent of the 
Group A strains isolated from the individuals and the environment respectively 
were typable. The great majority of these, 81 and 98 per cent, from the two 
sources were Group A, Type 33 strains (Table IT). 


TABLE I. GROUPS AND TYPES OF STREPTOCOCCI RECOVERED FROM PATIENTS AND PERSONNEL 
(Doctors, NURSES, ATTENDANTS, VISITORS) 








NURSES, DOCTORS, AND 
PATIENTS ATTENDANTS VISITORS 
Group C Group C Groups C, D 
Group A Group A Group A 
Types 2, 6, 33, 43 Types 2, 3, 5, 14, 28, 33 Types 3, 12, 33, 39 











Numerous other types were isolated both from the environment and indi- 
viduals as shown in Tables I and II but none of these was shown to give rise 
to secondary infections. Patients from whom Group C and Group A, Types 2, 
6, and 43 were obtained had this group or these types in their admission naso- 
pharyngeal cultures. The carriers among the nurses and doctors on repeated 
culture were shown to harbor Types 2, 3, 5, 14, and 28 from two to six weeks in 
their nasopharynx without transmitting these types to the patients, although 
at one time or another all had positive nose and throat cultures while continuing 
on duty but observing aseptic techniques. 

The visitors were cultured once a week at the weekly visiting hours during 
February and the early part of March when the ward environment was known 
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TABLE II. Group AND TYPES OF BETA HEMOLYTIC STREPTOCOCCI ISOLATED FROM THE NAso- 
PHARYNX OR SKIN OF PATIENTS, Doctors, NURSES, ATTENDANTS, AND VISITORS AND FROM THE 
Atk, FLoor DUST, AND BEDCLOTHES IN THE INFANTS’ WARDS FROM Nov. 15, 1945, ro 
May 28, 1946 


FROM INDIVIDUALS FROM THE ENVIRONMENT 
Number of Strains 202 Number of Strains 625 








Number Per cent Group Number Per cent 
190 94,2 | A 621 99.36 
10 4.9 C 4 
2 0.9 | 
202 100.0 | Total 625 
Group A Strains 190 Group A Strains 621 
Typable 149 78.7 Typable 546 88.0 
Untypable 4] 21.3 | Untypable 75 12.0 
Total 190 100.0 Total 621 100.0 

















~ Typable Group A Strains 149 Group A Typable Strains 546. 


Types Number Per Cent Types Number Per Cent 
2 5 3.3 2 1 0.18 
3 3 2.18 5 0.18 
5 2.77 6 0.18 
6 j 4.10 24 ().18 

14 0.67 26 0.55 
28 4.60 28 0.73 
33 81.00 33 98.00 
39 ; 0.67 
3 0.67 . 
Total 149 100.00 Total 546 100.00 
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to be heavily contaminated with Group A, Type 33 streptococci. Since they 
wore masks and gowns there was limited opportunity to spread infection from 
their respiratory passages to the infants. 


TABLE IIT. NUMBER OF SECONDARY INFECTIONS DUE TO GrouP A, TYPE 33 STREPTOCOCCUS ON 
INFANTS’ WarDS FOLLOWING THE INTRODUCTION OF A CASE OF INFECTED INFANTILE ECZEMA 
(Nov. 15, 1945, To May 15, 1946) 











NURSES, DOCTORS, AND 
PERIOD PATIENTS ATTENDANTS 

Nov., Dee., 1945 J 4 

Jan., 1946 12 2 

Feb., 1946 11 6 

March-May ] 1 


Total 25 13 














Secondary Infections Due to Group A, Type 33 Beta Hemolytic Strepto- 
coccus.—Only Group A, Type 33 streptococci were responsible for secondary 
infections in the patients, nurses, doctors, attendants, and visitors (Table II. 
Fig, 2). There was a total of twenty-five apparent and inapparent* infections 
due to this organism among the infants. These included sixteen cases of naso- 


pharyngitis, two of otitis media, six skin infections, and one wound infection 


NS c Ne ° . . 6 
(Fig. 2). Kight infants having positive nasopharyngeal cultures were con- 
sidered to have inapparent infections. No infant developed a scarlet fever rash. 


__ *Isolation of Group A, Type 33 streptococcus on routine culture from the nasopharynx of 
an infant without signs or symptoms of infection. 
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During the course of study thirteen members of the hospital staff and five 
visitors became infected with Group A, Type 33 beta hemolytic streptococcus 
(Table III, Fig. 2). All had previously shown negative nose and throat cultures. 
At the time positive throat cultures were obtained, all were either suffering from 
or recovering from nasopharyngitis with sore throat and tender cervical glands. 
All of these individuals either had been working on the wards during the time 
when the skin lesions of Patient I. B. were heavily infected and contaminating 
the environment with streptococci or else had visited the ward during that time. 
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Fig. 2.—Secondary infections due to Group A, Type 33 beta hemolytic streptococcus on infants’ 
wards following the introduction of a patient with infected eczema. 


It seemed most likely that Patient I. B. had directly or indirectly served as the 
source of their infections, particularly since, as will be discussed later, Type 33 
B.H.S. was uncommon in Baltimore that winter (lig. 2). One of the eighteen 
individuals thus acquiring a Type 33 streptococcus infection, an attendant, de- 
veloped a rash typical of scarlet fever. Secondary infections among both the 
infants and staff occurred at the time the ward environment was heavily con- 
laminated with Group A, Type 33 streptococci. 

Streptococcal Contamination of the Ward Environment.— 

Air: At certain periods from January 1 to March 15 the environment of 
one or the other of the wards became highly contaminated with beta hemolytic 
streptococci as noted by the number of organisms isolated from the air both by 
the Folin bubbler sampler and the ‘‘settling plate’’ methods and by the culture 
of dust from the floors, bedding, desk, table tops, ete. (Fig. 1, Table IV). 

Colonies of streptococci picked from the plates for identification were 
generally found to be Group A, Type 33 beta hemolytic streptococcus (Tables I] 
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STREPTOCOCCAL CONTAMINATION OF THE WARD ENVIRONMENT BY SKIN 
DISPERSERS OF STREPTOCOCCI 


TABLE IV. 






2/14/46 — 
PATIENT I. K. 











DATE ; 2/6/46 
DISPERSER PATIENT I. B. 
CULTURE SITE TYPES AND NUMBERS OF GROUP A B.HL.S, 



























Nasopharynx 33 33 

Skin 33 33 

Compress 33 48,800,000 33 66,600,000 
Bedding (16)* 33 171,000 33 221,400 
Floor dust 33 500,000 33 1,920,000 
Settling plates (16)* (4 hr.) 33 166 33 72 
Air (cu. ft.) t 39 13 30 eg ee 22 












*Average of number of samples taken. 
tAverage of 240 cubic feet. 










and IV). From the floor dust about the ‘‘dispersers’’ bed and from the ‘‘dis- 
persers’’ bedding several hundred thousand to millions of streptococci were 
cultured while many million were obtained from the skin compresses (Table IV). 

The contamination of the ward always coincided with the presence of an 
infant with generalized eczema secondarily infected with streptococci, or with 
the presence of a patient with a profuse purulent discharge from the ear (Figs. 
1 and 3). The pattern of contamination and dispersion of hemolytic strepto- 
cocci throughout the wards is shown by recording the number of colonies of 
hemolytic streptococci counted on blood agar ‘‘settling plates’’ exposed on the 
bedside tables in the cubicles. The pattern of distribution of the streptococci 
varied with the position of the ‘‘disperser’’ in the wards (Fig. 1, Table V), but 
in general more streptococci were counted on the ‘‘settling’’ plates placed in 
cubicles in the immediate vicinity of the ‘‘disperser’’ (Figs. 1 and 3). As the 
wards were partially divided near the center by the utility rooms*® the most 
highly contaminated portion of the ward was always the end on which the ‘‘dis- 
perser’’ was (Fig. 3, Table V). 















TABLE V. STREPTOCOCCAL CONTAMINATION OF WARD ENVIRONMENT IN RELATION TO 
LOCATION OF ‘‘ DISPERSER’’ 






















[NUMBER OF B.H.S.| NUMBER OF B.11.S.| DIFFERENCE 
Patient I. B., 2/6/46 
Ward 4 East South Northt i 
Bedding (8)* 4,875 320,420.0 65.0x 
Settling plates (8)* 54 197.0 3.6% 
Air (cu. ft.) (5)* 2 24.0 12.0% 
Patient I. K., 2/14/46 
Ward 4 West South Northt : 
Bedding (8)* 62,911.0 407,613 6.5x 
Settling plates (8)* 20.0 23 6.1% 
Air (cu. ft.) (5)* 0.5 =... ag 











*Average of number of samples taken. 
{Location of patient. 







During the periods when large numbers of streptococci could be isolated 
from the air by the ‘‘open’’ plate methods, many were also recovered from the 
air with the Folin bubbler samplers (Tables IV and V). 
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The general dispersion of the hemolytic streptococci throughout Ward 4 
West when skin lesions of the ‘‘dispersers’’ were pustular was shown by the 
fact that many could be isolated from the air employing settling plates placed on 
the nurse’s desk, in the treatment room adjacent to Ward 4 West, and in the 
closet reserved for clean linen and supplies. 

Bedding: The numbers of hemolytic streptococci isolated from the bed 
surfaces varied, but in general followed a pattern similar to the numbers iso- 
lated by the ‘‘open plate’’ at the bedside. The greatest number were isolated 
from the bedclothes of the ‘‘infected eczema patients’’ while beds occupied by 
uninfected infants in cubicles near the ‘‘disperser’’ yielded at times many 
thousands of streptococci. Unoceupied beds which had been made up with clean 
linen and kept on the wards yielded a few hundred to many thousand strepto- 
cocci depending on the proximity to the ‘‘disperser’’ and the length of time 
they were exposed to the ward environment (Tables IV and V). 
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Fig. 3.—Streptococcal contamination of the ward environment by infants with infected eczema 
and otitis media. 











Wearing Apparel: It was noted that when the environment of Ward 4 
West was heavily contaminated with hemolytic streptococci, a few organisms of 
the same type could be isolated from plates exposed at the bedside in cubicles 
o the opposite ward (4 East), although no hemolytic streptococci were cultured 
from the patients or personnel on the latter ward. Because the direction of air 
‘urrents from the two wards was toward the stair well, it appeared that the con- 
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tamination of the Ward 4 East was most likely not due to the direct transfer 
of streptococci through the air. The most probable explanation for the appear- 
ance of hemolytic streptococci on Ward 4 East was that they were carried there 
on the uniforms of the nurses and doctors. Rounds began on the contaminated 
4 West ward when the bedclothes were being changed. There was ample op- 
portunity for organisms to settle on the clothes of the doctors and nurses where 
they remained until shaken loose during the normal activity of examining the 
infants on Ward 4 East. Culturing of the uniforms of six doctors and six 
nurses before they had entered the contaminated Ward 4 West revealed no or- 
ganisms, but many streptococci were present after rounds lasting forty minutes 
to one and one half hours. 
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Fig. 4.—Beta hemolytic streptococcal contamination of ward environment by a case 
(1.B.) of infected infantile eczema. On 1/3/46 Patient I. B. was in cubicle 2 and on 1/8/46 in 
a double cubicle (8 and 9). 

Hands: During the course of study the hands of the nurses were frequently 
cultured by the method of Hamburger’? and by swabbing with a throat swab 
moistened in blood broth. After washing according to the technique recom- 
mended in the nursing procedure manual** no streptococci were recovered. How- 
ever, hand cultures taken after the nurses had handled bedelothes, history charts, 
and nursing notebooks in the contaminated wards were always positive for hemo- 
lytic streptococci. Before washing, several thousand streptococci regularly could 
be isolated from the hands of nurses assigned to the care of ‘‘skin infected” 
vases. After washing they were always free of streptococci but became con- 
taminated on removal of the gown and mask. Washing the hands again removed 
the streptococci, but the mere adjusting of the bedclothes of a patient or their 
own uniforms and caps would again contaminate the hands to some degree. 

Effect of Removal or Introduction of the Streptococcal “Skin Disperser” 
on the Contamination of the Ward Environment: Transfer of the infected skin 
disperser from Ward 4 East to Ward 4 West was followed in forty-eight hours 
by rapid disappearance of the streptococci from the environment of Ward 4 
East and the appearance of large numbers on the ‘‘settling’’ plates in Ward 4 
West (Fig. 3). They rapidly appeared again on 4 East when Patient i 2 
developed a purulent otitis media, thus soiling the bedclothes with pus. Like- 
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wise, the pattern of contamination of the Ward 4 West changed when a second 
eczema patient (Patient I. K.) became secondarily infected with streptococcus 
Group A, Type 33 (Fig. 3). 

Effect of Treatment on the Dispersion of Streptococci From the Skin: Loeal 
treatment consisting of wet permanganate dressings alternating with dry heat 
had no effect on the developing lesions or the dispersion of hemolytic streptococci 
into the environment (lig. 4). On the other hand treatment with intramuscular 
penicillin, 10,000 units every three hours, brought about a marked improvement 
in the oozing lesions and a simultaneous reduction in the number of organisms 
isolated from the environment (ig. 5). Treatment of the patient (J. W.) with 
the suppurative otitis media with intramuscular penicillin also resulted in 
stopping further contamination of the environment on Ward 4 East due to 
Group A, Type 33 streptococcus (Tig. 3). 
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Fig. 5.—The effect of intramuscular penicillin on the skin dispersion of beta hemolytic 
streptococci. 











Prevalence of Group A, Type 33 in the Community Population: Because of 
the large number of strains of Group A, Type 33 streptococci isolated from 
personnel exposed to the ward environments it seemed important to know the 
prevalence of this type in the community. Krom March 21 to April 1, 150 throat 
cultures were taken at random on parents and children coming to the dispensary. 
Beta hemolytic streptococci were isolated from the throats of eighteen indi- 
viduals, a carrier rate of 12 per cent. Thirteen of the strains were Group A, 
wo Group C, two Group D, and one Group KE. Only four of the Group A strains 
were typable with the available sera and included Types 3, 12, 33, 39. The Type 
33 strain was obtained from the throat of an adult but unfortunately it was not 
ascertained whether she had visited the wards at any time. Several additional 
strains of streptococci were obtained from patients admitted to Sydenham Hos- 
pital during the period of study but none of these was found to be Group A, 
Type 33. From these observations, it would appear that this organism which 
Was isolated from the personnel was acquired while they were on the infants’ 
wards which were known to be heavily contaminated with it. 
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DISCUSSION 


During the period of study aseptic techniques to avoid contact and droplet 
infection between the nurse, doctor, or attendant and the patient were carefully 
employed. In spite of this, numerous secondary streptococcal infections oc- 
curred among the infants and attending personnel. The fact that some of the 
doctors and nurses had hemolytic streptococcal sore throats with positive nose 
cultures due to other than Type 33 streptococcus and did not transmit them to 
the infants speaks in favor of the adequacy of the aseptic procedures. However, 
the opportunities for the attending personnel and visitors to acquire a Type 33 
streptococcus infection while on the wards were manifold. During the periods 
when the environments of the two wards (air, dust, bedclothes, ete.) were highly 
contaminated, they could have picked up this organism on their hands while 
caring for the infected patients, by touching the dust covered bedclothes, desk 
tops, ete., or in their throats by inhaling streptococcus-laden dust particles dur- 
ing bed making and floor sweeping time. 

The secondary streptococcal infections among the infants took place when 
the ward environments were highly contaminated with the Group A, Type 33 
streptococcus. The infants from whose throats streptococci were isolated did not 
contaminate their environment demonstrably because they did not cough, sneeze, 
or have purulent discharges from their noses. The source of the organisms was 
obviously the oozing and pustular excretions from the skin of the infected ec- 
zema patients, and the pus coming from the ears of the patient with otitis media. 
With the changing of the bedclothes the dried secretions containing millions 
of streptococci were dispersed into the air where they eventually settled on all 
exposed surfaces (beds, table tops, nurses’ uniforms, skin and clothes of at- 
tending personnel and patients, and so on) in the wards. As there was no op- 
portunity for direct contact between patients it would seem that the secondary 
throat infections arose either as a result of inhaling streptococci as dust-borne 
particles or as a result of contaminating the hands from which the organisms 
were transferred to the respiratory passages. The secondary skin and wound 
infections can be explained readily on the basis of direct contact with the con- 
taminated dust falling on the beds occupied by the patients. 

Although a number of nurses and doctors acquired throat infections due to 
Type 33 streptococcus, it was difficult to determine to what extent they con- 
tributed to the spread of infections among the patients, as the aseptic techniques 
were in general meticulously carried out. Furthermore, it was impossible to 
keep the hands clean at all times during the periods when the dust everywhere 
contained large numbers of streptococci. Hemulytie streptococci, according to 
Colebrook and associates,®? are not normally found on the skin and hands, When 
present they represent usually a contamination from the respiratory tract ex- 
eretions or from contact from other infectious material. Nasal ‘‘dispersers’’ of 
streptococci are particularly likely to contaminate their hands to a high degree 
and, as Hamburger has shown,!* 2° streptococci may be transferred in large 
numbers to the hands of another or to other objects they touch. As far as could 
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be determined in this study the nurses, doctors, and visitors who acquired 
Group A, Type 33 streptococeal infections were not responsible for the spread 
of infection to the patients and their associates. 


On the other hand the path of dispersal of the streptococcus appeared to be 
from the skin of the infected eczema patients and the pus from the ear of the 
otitis media patient to the bedclothes, then to the ward air and dust, then to other 
patients, hospital personnel, and visitors. The demonstration of the transfer of 
streptococci from one ward to another on the so-called clean uniforms of the 
nurses and doctors after making rounds first on a ward highly contaminated with 
Group A, Type 33 organisms emphasizes the possible importance of this mode 
of spread and supports the experimental observations of Duguid and Wallace.*° 

This study is of particular interest because it reveals how extensively an 
infants’ ward can become contaminated with streptococci dispersed from the 
skin of a single infected eczema patient, and how dangerous it may be as the 
source of organisms causing secondary streptococcal infections of a varied na- 
ture. Boisvert, Powers, and associates'® *° call attention to the frequency of 
streptococcal skin infections among infants with infantile eczema. De Forest 
and Kerr*! reported a Group A, Type 14 streptococcus epidemic in a hospital 
ward, the source of which was a 2-year-old boy with a severe skin infection. 
The epidemic of Type 12 streptococcal infections in infants’ wards described 
by Coburn and Pauli‘? also involved several infants with cutaneous skin in- 
fections as well as purulent conjunctivitis and otitis media. They observed that 
Type 12 organisms from these patients had a striking capacity to colonize on 
the mucous membranes and dermis of both children and nurses. 


In these studies as well as our study it seems significant that the infections 
spread only from the infants to other patients and to the attending personnel. 
In Coburn’s study the spread of infection among the infants was uncontrollable 
in spite of strict aseptic precautions. They concluded that the most probable 
mode of spread was by air-borne dust particles disseminated when the ward was 
swept each morning. In our study an uncontrolled source was also dust and it 
is considered that this vehicle of transmission was a most important one. 

The epidemiology of streptococcal infections hag been greatly elucidated 
during the past fifteen years. Studies of institutional outbreaks in hospitals and 
army barracks have revealed that -where secondary hemolytic streptococcal in- 
fections are occurring, the respective environments (air, dust, bedclothes, clothes 
of the occupants) are highly contaminated with the infecting organism. In 
such wards and barracks, many possibilities exist for the transmission of in- 
fection among the occupants but vary in their importance in relation to the 
environment and age of the population.’ The contamination of surgical wards 
with streptococci dispersed in the dried pus from surgical dressings of infected 
wounds has been amply demonstrated.’* *® Hamburger and associates have 
established the nasal carrier as a ‘‘dangerous’”’ spreader of infection because he 
‘an contaminate his environment to a high degree.’* 1% 7% 27,32 Likewise, the 
Patient with a streptococcal sore throat complicated by suppurative otitis media 
who contaminates his surroundings should also be considered a dangerous 
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spreader of infection. The child or infant, with a purulent streptococcal skin 
infection, as shown in this study, may also contaminate hig environment mark- 
edly and thus secondarily infect his fellow patients. In reports of streptococcal 
outbreaks in barracks and hospital wards the percentage of individuals with 
one or more of the given complications is considerable. 

It is recognized that there is a great variation in the communicability of 
different strains of Group A beta hemolytic streptococci.44 Any strain which 
is of sufficient virulence to establish itself in the host and produce complications 
which cause it to be dispersed into the environment in large numbers should be 
considered communicable. Hamburger and associates'’* ** conclude that any 
individual who expels large numbers of streptococci should be considered 
‘‘dangerous’’ as far as spread of infection to others is concerned. Also, one 
must be considered a ‘‘dangerous disperser’’ if the organisms are expelled in 
large numbers in excretions from the throat, ear, skin, wound, and so on. Recent 
studies on the epidemiology of infections due to the pneumococcus*” *° diphtheria 
bacilli*” ** and tubercle bacilli*® also emphasize the role of the dangerous 
spreader and the contaminated environment (dust) as the source of organisms. 

In this investigation no dust-suppressive measures were employed, and tri- 
ethylene glycol vapor*® failed to prevent extensive streptococcal contamination 
of the ward by the infected eczema patients. Dust-suppressive procedures to 
prevent the dispersion of the large bacteria-laden dust particles combined with 
triethylene glycol vapor which is effective against air-borne organisms carried 
in small particles would have been expected to be more efficient on the basis of 
studies by Puck and associates.°° Dust-suppressive measures alone?* °! °* and 
in combination with triethylene glycol’ or ultraviolet light®* as a means of con- 
trol of streptococeal infections need further study. 

Hamburger and Lemon®* have shown that in daily doses of 1 Gm., sulfa- 
diazine reduced the number of sensitive streptococci in the nose of nasal car- 
riers and inhibited the dispersal of these organisms into the environment in 80 
per cent of cases. They also found that calcium penicillin in oil given in single 
1 ml. daily doses of 300,000 units likewise was markedly effective in inhibiting 
the dispersal of streptococci from nasal carriers. In the present investigation 
parenteral administration of penicillin was highly effective in bringing the dis- 
persal of streptococci from the patients with infected skin and otitis media under 
control. Simultaneously with the healing of the lesions and cessation of dis- 
charge the ward environment became essentially free of streptococci. Many of 
the infants on the wards received penicillin or sulfonamide therapy. In four 
patients who were receiving therapy, Group A, Type, 33 was isolated from their 
throats during routine culture. They did not, however, develop clinical in- 
fections. 


Because of the small risk involved, the use of antibiotics should be con- 
sidered in any program of prevention of secondary infections in infants’ wards. 
They would serve (a) to inhibit the dispersal of pathogenic agents and (b) to 
provide an unfavorable environment for the growth of organisms in the respira 
tory passages, skin, or open wounds. On the basis of the findings in this study, 
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isolation along with aseptic procedures and prompt and adequate treatment of 
streptococcal infections in infants and children offers the greatest hope of pre- 
venting secondary infections in hospitals. 


SUMMARY AND CONCLUSIONS 















A study of the possible modes of spread of Group A, Type 33 streptococcal 
infections on infants’ wards was made at the Harriet Lane Home, Johns Hop- 
kins Hospital, during the fall and winter months of 1945 and 1946. Strepto- 
eoccal infections occurred in twenty-five infants and in eighteen adults, in- 
eluding attending personnel and visitors. 

The source of the streptococcus was a 6-month-old female infant with an 
infection of the skin superimposed on an infantile eezema. During her stay in 
the hospital, she contaminated the ward environments (air, dust, and bed- 
clothes) with Group A, Type 33 streptococcus to a high degree. 

During the period when the wards were contaminated, secondary infections 
(throat, skin, and wound) occurred in other infants and streptococeal pharyn- 
gitis infections in the adults. The path of spread of the organisms was from 
the ‘‘skin disperser’’ to the bedeclothes, to the air and dust, then to other in- 
fants, and to attending personnel and visitors. 

Triethylene gyleol vapor did not prevent the dispersion of the streptococci 
throughout the ward. Adequate treatment with intramuscular penicillin of the 
skin infected patients and the patient with a draining otitis media promptly 
brought the infections under control. Simultaneously the ward environments 
became essentially free of hemolytic streptococci. Antibiotics employed both 
therapeutically and prophylactically should be considered in any program for 
the control of secondary infections in hospital wards. 

Infants and children with streptococeal infections of the skin are ‘‘danger- 
ous dispersers’’ of these organisms. They should be isolated promptly, cared 
for by aseptic procedures, and treated adequately with suitable antibioties to 
inhibit the dispersal of organisms and thus prevent the spread of infection to 
others. 
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SEROLOGIC STUDIES OF MUMPS EMPLOYING COMPLEMENT 
FIXATION AND AGGLUTINATION-INHIBITION 


A. E. FELLER, M.D., AND WILLIAM S. JORDAN, JR., M.D. 
CLEVELAND, OHIO 


INTRODUCTION 


HE results of complement fixation and agglutination-inhibition tests of 

sera have been compared for the detection of antibody persisting after 
mumps and for the serologic diagnosis of mumps. In addition, the results of 
complement fixation tests with V, or virus-bound, antigen and S, or soluble, 
antigen'* were evaluated. Single sera from normal individuals and _ paired 
sera from patients suspected of having mumps, including patients with 
‘aseptic meningitis,’’ were employed. 

The results of these comparative studies confirmed and extended data 
reported previously from other laboratories.*"* They indicated, in addition, 
that chick embryo antigens were more sensitive than antigens prepared from 
infected parotid gland of the monkey for detecting complement-fixing anti- 
body persisting after infection, that the results of agglutination-inhibition 
tests were of little value for this purpose, and that S antigen did not regularly 
detect antibody in sera earlier than V antigen. The results of the serologic 
tests reported herein were also employed for the comparative serologic studies 
with Neweastle disease virus reported in a companion paper.’® 


MATERIALS AND METHODS 


Sera.—One hundred fifteen single sera were obtained from young adults. Historical 
data relative to mumps were recorded for each subject. 

Sets of acute and convalescent phase sera were obtained from thirty-eight hospitalized pa- 
tients in whom mumps was considered in the differential diagnosis during the acute illness; 


9 


in twelve the clinical diagnosis was ‘‘aseptic meningitis.’’ A final clinical diagnosis of mumps 
was made in fourteen of the thirty-eight cases. Mumps virus was isolated from the saliva 
of four of the cases. 

The sera were stored at —20° C. for periods varying from a few months to approx- 
imately two years. Sera were heated at 56° C. for thirty minutes for all tests. 

Virus.—The Habel strain of mumps virus was cultivated by the chorioallantoie route 
of inoculation in 6-day-old chick embryos. Fluids were harvested after seven additional days 
of incubation at 35° C. 

Undiluted, infected chorioallantoic fluid (V, or virus-bound antigen) stored either at 
4° ©. or at -70° C. was used as antigen in the complement fixation tests and, suitably diluted, 
was used as antigen in the agglutination-inhibition tests. Undiluted chorioallantoic fluid 
from uninoculated 13-day-old chick embryos, stored in the same manner as the infected fluids, 
was used as control antigen. 
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8, or soluble, antigen was prepared from the chorioallantoic membranes of the em- 
bryos which were the source of the infected chorioallantoic fluids. The technique reported 
by Henle, Harris, and Henle? was employed with certain modifications. Final centrifugation 
was at 14,000 r.p.m. for thirty minutes in the angle centrifuge rather than 20,000 r.p.m. for 
twenty minutes. The S antigens were neither irradiated nor was Merthiolate added. Storage 
was at 4° C. for a maximum period of four weeks. When tested with an equal volume of a 
0.5 per cent suspension of chicken erythrocytes, the S antigens produced either no agglutina- 
tion or only partial agglutination in a final dilution of 1:4. Control antigen was similarly 
prepared from the chorioallantoic membranes of uninoculated 13-day-old chick embryos. 

Complement Fixation Test.—The test was carried out in a final volume of 1 ml.; serum 
dilution, 0.2 ml.; antigen, 0.2 ml.; guinea pig complement, 2 units, 0.2 ml.; and 0.2 mi. of 1 
per cent sheep erythrocytes sensitized with 4 units of amboceptor. Preliminary incubation of 
the serum, antigen, and complement was at 37° C. for one hour; final incubation, after the 
addition of sensitized cells, was for thirty minutes at 37° C. Sera were tested in serial two- 
fold dilutions beginning with a final dilution of 1:10 (initial dilution of 1:2). The end 
point was the highest final dilution of serum producing two plus or greater fixation of comple- 
ment, and titers were expressed as the reciprocal of this dilution. Sera with a titer of less 
than 10 were considered negative for mumps antibody for the purposes of this study. 

Agglutination-Inhibition Test.—The procedure reported by Robbins, Kilham, Levens, and 
Enders14 was employed. The test mixtures were kept at 37° C. for one hour rather than 
at 4° C. overnight since comparative studies!4 have shown that either procedure was satis- 
factory. Erythrocytes from single chickens rather than pools from four chickens were used. 


RESULTS OF COMPLEMENT FIXATION WITH INFECTED 
CHORIOALLANTOIC FLUID 


The results with chorioallantoie fluid (V antigen) are presented first and 
will serve as a basis for the subsequent presentation of comparative results 
with S or soluble antigen and with agglutination-inhibition. 

Reproducibility of Titers—Control sera were included in the twenty-three 
tests required to examine all sera. The repeat titers were within a twofold 
increment on twenty occasions, within a fourfold increment. on two occasions, 
and the variation was greater than fourfold only once. 

Persistence of Antibody Following Infection and the Occurrence of Un- 
recognized Infections.—The results of tests on 115 single sera were the basis 
of this analysis. I*ourteen individuals were excluded because their sera either 
were anticomplementary or reacted with uninfected chorioallantoie fluid (the 
technique employed did not permit differentiation hetween these two pos- 
sibilities). 

Correlation of the results of the complement fixation tests with the history 
of mumps (Table I) showed that a past history of mumps coincided with the 
presence of mumps antibody in sera with only one exception. Most of these 
persons had mumps in childhood and five had mumps twenty-six to thirty 
years previously. Tabulation of the titers of sera from individuals who were 
able definitively to date their mumps (Table II) showed that many, though 
not all, of the titers were well maintained for ten to thirty years. 

Thirty-two individuals had mumps antibody (Table I) in their sera but 
had never had a recognized mumps infection. Titers of these thirty-two sera 
were as follows: 10, six sera; 20, fourteen sera; 40, seven sera; 80, three sera; 
420, two sera. Assuming that these titers are an indication of past infection, 
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TABLE I. RESULTS OF COMPLEMENT FIXATION TESTS ON SINGLE SERA WITH INFECTED CHORIO- 
ALLANTOIC FLUID CORRELATED WITH THE HISTORY OF MuMPS FoR 101 INDIVIDUALS 





"| NUMBER OF SERA ACCORDING TO PRESENCE* | 

















OR ABSENCEt OF ANTIBODY | 
HISTORY OF MUMPS PRESENT | ~————s ABSENT | TOTAL 
Present eta tented ~ 5O- een 5 pie) aia i. a 7a | : aa 5 1 
———— 32 a ems MER oe 
_—d ht RS a a A 4 | 
Total 84 | 17 | 101 








*Titer of 10 or greater. 

¢Titer of less than 10. 

tHistory of illness in association with other cases of mumps but criteria were lacking 
for a definite diagnosis. 


unrecognized or ‘‘subelinical’’ infections with mumps virus had occurred in 
approximately 32 per cent of the 101 individuals studied and in 70 per cent of | 
the forty-six individuals with no history of mumps. ; 
Sera from seventeen individuals contained no demonstrable mumps anti- | 

body (Table I) and it seemed highly significant with respect to the specificity 

of the tests that sixteen of these individuals were in the groups that had not 
had recognized mumps. ; 
‘ 


TABLE II. TITERS OF SINGLE SERA (BY COMPLEMENT FIXATION WITH INFECTED CHORIO- 
ALLANTOIC FLUID) CORRELATED WITH ELAPSED TIME SINCE THE ATTACK OF 

MuMPsS IN 44 INDIVIDUALS WHO WERE ABLE TO STATE THE YEAR j 

IN WHICH THEY HAD Mumps 
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SLAPSED TIME. | NUMBER OF SERA WITH INDICATED TITER —*| 
(YR. ) 10 | 20 40 | 80 160 TOTAL 
1- 5 | : 2 SK ie SE See 
6-10 1 l 7 
11-15 2 3 ] et See I 
16-20 2 ] 5 4 12 I 
21-25 i 2 6 7 I a. aS. I 
26-30 1 i 2 I Ri Cae ( 
Total 6 1] 17 8 2 44 
oP iat > are. ; a Lebel iaieditandesahe - y 
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Diagnostic Tests on Sets of Sera From Patients With Mumps, ‘‘ Aseptic ’ 
Meningitis,’’ and Other Infections—Diagnostic tests were made with acute d 
and convalescent phase sera from the thirty-eight patients in whom mumps was 
considered in the differential diagnosis during the acute illness. A fourfold i 
or greater increase in titer was considered to support the diagnosis of mumps. e 
The results according to the final clinical diagnosis (Table III) show that 
there were fourteen cases of mumps; all had definite involvement of the sal- T 
ivary glands, and in addition, several had orchitis or meningeal involvement. 
Tests of thirteen of these sets of sera revealed a fourfold or greater increase = 
in titer. In one instance there was no increase in titer, but sera were avail- + 
able from the first and sixth days of illness only. Complement-fixing antibodies zi 
may not appear until later in convalescence.'® ~ 


> . ' ‘ . ‘ ee 
Tests of the sets of sera from twelve patients with ‘‘aseptic meningitis 
detected no significant increases in titer. There was nothing in the history, 














SEROLOGIC STUDIES OF MUMPS 363 








TaBLE IIT. RESULTS OF COMPLEMENT FIXATION TESTS WITH INFECTED CHORIOALLANTOIC 
FLUID ON SETS OF SERA FROM 38 SUSPECTED CASES OF MUMPS, ACCORDING 
TO FINAL CLINICAL DIAGNOSIS 























RESULTS OF C. F. TEST ON SETS 
OF SERA 
FINAL CLINICAL DIAGNOSIS POSITIVE* NEGATIVEt TOTAL 
i Mumps 13 1 14 
Aseptic meningitis 0 12 12 
~~ Not mumps 0 12 12 
Total 13 25 ~ 38 











*Fourfold or greater increase in titer. 
¢+Less than fourfold or no increase in titer. 


physical examination, or course of illness to indicate that mumps virus was 
the cause of the meningitis. Several reports'* 1°!* have indicated, however, 
that mumps virus under certain circumstances has been a common cause of 
‘‘aseptic meningitis’’ in the absence of other recognizable clinical manifesta- 
tions of mumps. In such eases, the diagnosis was made serologically. 

There were twelve patients in whom the possibility of mumps infection 
was entertained for various reasons during the acute illness. The final clinical 
diagnosis was clearly not mumps in any of these cases, and the results of the 
serologic tests for mumps were uniformly negative (Table IIT). 

The results of diagnostic tests of sets of sera were in accord with the elin- 
ical diagnosis. All positive tests were from recognized cases of mumps and the 
negative tests were in no way incompatible with the final clinical diagnosis. 





RESULTS OF COMPLEMENT FIXATION TESTS WITH S ANTIGEN 


It has been reported’? that antibodies to the S, or soluble, antigen ap- 
peared earlier in the course of mumps and subsequently decreased at a faster 
rate than antibodies to the V, or virus antigen, so that frequently only V anti- 
bodies were detected after a period of several years. As an index of resistance 
(residual antibody following infection) the results of tests with V antigen 
were more useful than results with S antigen. The use of both antigens was 
found to be helpful in diagnostic tests. The detection of high levels of S anti- 
body with little or no V antibody was of diagnostic significance in the first few 
days of illness. 

Tests of Single Sera—Nineteen of twenty-two single sera were tested sat- 
isfactorily with both S and V antigens (Table IV). Of the twelve sera in 
which V antibody was detected, only six contained S antibody. One serum 


TABLE ITV. ReESuLTsS or COMPLEMENT FIXATION TESTS ON 19 SELECTED SINGLE SERA WITH 
V oR VIRUS ANTIGEN COMPARED WITH S OR SOLUBLE ANTIGEN 





























___ RESULTS WITH V ANTIGEN POSITIVE* NEGATIVEt TOTAL 

>a ~ Positive* a 6 ; Ga 6 12 

ae - Negativet l 6 7 
Total | 7 12 = 


*Titer of 10, or greater. 
7Titer of < 10. 











364 FELLER AND JORDAN, JR. 


had S antibody (titer of 10) and no detectable V antibody. Of the seven sera 
in which S antibody was found, only three had titers greater than 10. The 
histories revealed that these three sera were from individuals who had mumps 
approximately one year before the sera were obtained. The titers with S anti- 
gen were 20, 40, and greater than 320, and with V antigen were 80, 160, and 
320, respectively. These data indicate that the presence of S antibody, at 
least in a titer of greater than 10, may be taken as an index of recent rather 
than remote past infection with mumps virus. 


TABLE V. COMPARISON OF RESULTS OF COMPLEMENT FIXATION TESTS WITH V AND S ANTIGENS 
ON SETS oF SERA FROM 20 CASES OF SUSPECTED MUMPS ACCORDING TO FINAL 
CLINICAL DIAGNOSIS 


RESULT WITH S ANTIGEN _ 





~ RESULT WITH V ANTIGEN — 
POSITIVE* NEGATIVEt POSITIVE* NEGATIVEt _ 








FINAL CLINICAL DIAGNOSIS 





Mumps 





: ~ Aseptic meningitis 


Not mumps 
Total 


*Fourfold or greater increase in titer. 
+Less than fourfold, or no increase in titer. 














Diagnostic Tests on Sets of Sera—Twenty sets of sera from the patients 
with suspected mumps were tested with S antigen (Table V). Fourfold or 
greater increases in titer were detected with S antigen only in sets of sera 
also showing fourfold or greater increases in titer with V antigen, i.e., the 
eases of mumps. Furthermore, three of the sets of sera which were positive 
when tested with V antigen were negative when tested with S antigen. 


TaBLE VI. Tirers or S ANTIBODY AND V ANTIBODY BY DAyS AFTER ONSET OF ILLNESS, IN 
AcuTE PHASE SERA FRoM 11 Patients WitH Mumps 





TITER OF ANTIBODY _ 





DAY AFTER ONSET 3 Vv 
<10 

<10 
20 <10 
40 10 
10 10 
40 <10 
40 80 
10 20 
<10 20 
20 80 
10 <10 
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Tabulation of the titers of acute phase sera from the eleven patients with 
mumps (Table V) showed that S antigen did not consistently detect antibody 
earlier in illness than V antigen (Table VI). S antibody was present in eight 


and V antibody was found in six of the eleven acute phase sera. In four seré 
(Cases 5, 8,9, and 11) S antibody either was not detected or was present in a 
titer of only 10 by the third, fourth, fourth, and tenth days respectively after 
the onset of illness. In contrast, V antibody was present in a titer of greater 
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than 10 in sera obtained three, four, four, and five days respectively after the 
onset of illness (Cases 7, 8, 9, and 10). High levels of one antibody (titer 
>20) and either low levels or none of the other antibody were found in three 
sera; In two sera (Cases 4 and 6), S antibody was detected in the higher titer 
and in one serum (Case 10) V antibody was detected in the higher titer. 

These data indicate that S antigen failed to detect a diagnostic increase 
in titer in sets of sera from three of eleven cases of recognized mumps and did 
not regularly detect the presence of antibody early in illness. 
RESULTS OF AGGLUTINATION-INHIBITION TESTS 
For comparative purposes, forty-eight of the single sera and thirty-seven 
sets of sera from suspected cases of mumps were studied with the agglutination- 
inhibition technique. 

Tests of Single Sera.—None of the forty-eight sera was devoid of the 
capacity to inhibit hemagglutination although the titers varied from 4 (five 
sera) to 256, or greater (four sera). Twenty-one sera were from individuals 
with no history of recognized mumps; in seven of these specimens V antibody 
had not been detected by complement fixation but all seven had a titer of 32, 
or greater, by agglutination-inhibition. Twenty-seven sera were from sub- 
jects with a history of recognized mumps; in three of these sera V antibody 
had been detected by complement fixation in titers of 20, 40, and 80 re- 
spectively, but the titers of each of the three sera were only 4 with agglutina- 
tion-inhibition. 

Titers of single sera obtained by agglutination-inhibition were not, there- 
fore, a reliable criteron of past infection with mumps virus. 

Diagnostic Tests on Sets of Sera.—Tests of thirty-seven* sets of acute and 
convalescent phase sera from the suspected cases of mumps (Table IIL) de- 
tected fourfold or greater increases in titer only in the sets of sera in which 
such increases in titer were demonstrated in complement fixation tests with 
infected chorioallantoic fluid. Paired sera from the case of mumps in which 
specimens were available only on the first and sixth days of illness were nega- 
tive by agglutination-inhibition, as they had been by complement fixation. 
Comparison of the two tests in terms of the magnitude of the increase in titer 
showed that of the twelve increases in titer detected, eight were greatest by 
complement fixation, whereas only four were greatest by agglutination-in- 
hibition. Such comparison did not indicate, however, that the complement 
fixation test was superior to the agglutination-inhibition test for diagnostic 
purposes. The increases in titer by either test were of sufficient magnitude to 
leave little doubt as to their validity. Furthermore, there were four instances 
in which only fourfold increases in titer were detected, two by complement 
fixation and two by agglutination-inhibition. 

Complement fixation and agglutination-inhibition were of equal relability 
for detecting fourfold or greater increases in titer in sets of sera from cases 
of mumps. 


— 


‘ *One set of sera from a patient with mumps was exhausted before it could be tested by 
4gglutination-inhibition. 
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DISCUSSION 


The results of several studies* 7° have shown that mumps antibody, when 
demonstrable in the serum of an individual, is an indication of past infee- 
tion with the mumps virus and of immunity. In the present study, comple- 
ment-fixing antibody (V antigen) was detected in fifty of the fifty-one sera 
from subjects with a past history of mumps (Table I). In certain of the in- 
dividuals antibody persisted for as long as twenty-six to thirty years (Table 
II). It is pertinent, therefore, to compare the present results with those of 
Maris and co-workers*® who found no complement-fixing antibody in approx- 
imately 20 per cent of sera from medical students with a past history of mumps 
when the sera were tested with antigen prepared from the infected parotid 
gland of the monkey. In commenting on this observation they suggested that 
the use of infected amniotic or allantoic fluid might reduce this discrepancy. 
Two aspects of the present study tend to confirm this prediction: first, the 
almost complete correlation between a past history of mumps and antibody 
in sera (Table I), and second, the detection of antibody in approximately 70 
per cent of the sera from individuals with a negative history of mumps 
(Table I), whereas in their study® antibody was detected in only 40 per cent 
of such sera. 

The observation that all but one of the seventeen sera in which mumps 
antibody was not detected (Table I) were from individuals with no history 
of recognized mumps was an indication of the specificity of the test. The 
recent observation’ *° that sera containing antikody for mumps virus also ap- 
pear to contain antibody for Neweastle disease virus has been confirmed in this 
laboratory.’ So far, however, there are no indications from tests of the same 
sera reported herein, plus many others, that any appreciable number of human 
sera react with Neweastle disease virus and not with mumps virus. 

The detection of high levels of S antibody with little or no V antibody 
has been of diagnostic significance early in illness.:2 Subsequent studies 
have not entirely confirmed the early appearance of S antibody.’ ** In the 
present study there were seven acute phase sera in which V antibody was not 
detected or was found in a titer of only 10 (Table VI). High levels of 5 anti- 
body were detected in only two of these seven sera. In the majority of such 
sera, therefore, the use of S antigen was of no. positive diagnostic value early 
in illness. It is apparent also that the absence of S antibody in acute phase 
sera, or its presence in low titer, was not a reliable early means of excluding 
the diagnosis of mumps. In diagnostic tests on sets of sera from the definite 

-ases of mumps, V antigen was more reliable than S antigen (Table V). Fur- 
thermore, tests on single sera with V antigen were more reliable for the de- 
tection of residual antibody from a past apparent or inapparent infection than 
were tests with S antigen. Apparently, then, S antibody did not persist as 
long as V antibody. As has been pointed out, however, the presence of 5 antl 
body in a single serum may be interpreted as an indication of a recent rather 


2,9 


than a remote past infection with mumps virus." * 
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In the past, considerable difficulty has been encountered in devising 
a satisfactory agglutination-inhibition technique for the serologic diagnosis 
of mumps.?” 1* 24) 22 The technique recently reported by Robbins, Kilham, 
Levens, and Enders" was used in the present study, and for the detection of 
increases in titer in paired sera proved to be as reliable as complement fixa- 
tion with infected chorioallantoie fluid. This conclusion was in accord with 
the results of similar comparative studies made by others'® 1? 1* 1 and it may 
be concluded that complement fixation and agglutination-inhibition can be 
used interchangeably for the serologic diagnosis of mumps. In addition, the 
agglutination-inhibition tests were relatively easy to perform and interpret. 
The results of agglutination-inhibition tests on single sera were not reliable 
as an index of past infection with mumps virus as indicated by the history. 


SUMMARY 








The complement fixation test employing infected chorioallantoie fluid 


was a reliable means for detecting mumps antibody in single sera. Mumps 
antibody was present in nearly all sera from persons with a past history of 
mumps. Antibody had persisted for at least thirty years in some individuals. 
Antibody was detected in 70 per cent of sera from individuals with no past 
history of mumps. 


Complement fixation employing S or soluble antigen was not a reliable 
means for detecting antibody persisting after infection, although when present, 
S antibody was an indication of recent rather than remote past infection. 


The results of agglutination-inhibition tests were unreliable as an index of 
past infection. 


Complement fixation with infected chorioallantoie fluid (V antigen) and 
agglutination-inhibition were equally reliable for the serologic diagnosis of 
mumps. 


Complement fixation with S, or soluble, antigen provided no marked ad- 
vantage over similar tests with V, or virus bound, antigen for the early diag- 
nosis of mumps. In three sets of sera from patients with mumps, tests with 
Santigen failed to detect a diagnostic increase in titer. 
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THE RELATIONSHIP OF COMPLEMENT-FIXING AND 
ANTIHEMAGGLUTINATING FACTORS AGAINST 
THE VIRUSES OF MUMPS AND 
NEWCASTLE DISKASKH 
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HE presence of neutralizing and antihemagglutinating factors against 

Neweastle disease virus (NDV) in the sera of patients convalescing from 
mumps has been demonstrated by Jungherr, Luginbuhl, and Kilham.’? Two 
patients with nonparalytic poliomyelitis and one with meningo-encephalitis 
also showed a rise in the titer of neutralizing, but not of antihemagglutinating, 
factor during convalescence. The neutralizing factor was destroyed or im- 
paired by heating at 60° C. for twenty minutes; the antihemagglutinating 
factor was heat stable. Complement fixation tests were not reported. There 
was no close correlation between the neutralizing capacity of the sera against 
NDV and their ability to inhibit hemagglutination by the virus. The dem. 
onstration® * of a heat-labile component in normal human sera which neu- 
tralizes the infectivity of NDV indicates that neutralization tests using un- 
heated sera are of no value in defining specific antibody relationships. 

The present study was undertaken to study further the relationship be- 
tween NDV and mumps virus. The results indicate that there is a close bi- 
ologic relationship hetween these two viruses” °~? and suggest that they have 
a common antigen, 


MATERIALS AND METHODS 


Sera.—Single sera from healthy subjects and acute and convalescent phase sera from 
persons ill with mumps and with other virus, or presumed virus, infections were examined for 
heat-stable factors capable of reacting with NDV. The complement fixation and agglutina- 
tion-inhibition tests were used in the study of paired sera. Single sera were examined using 
only the complement fixation test. Sera both with and without complement-fixing activity 
against mumps virus were examined for activity against NDV. Seventy-four single sera 
were obtained from healthy young adults and seventy-one sets of acute and convalescent 
phase sera were obtained from hospitalized patients. All patients with mumps had definite 
salivary gland involvement and, in addition, several had orchitis or meningeal involvement. 
Mumps virus was isolated from four patients. Sera from fourteen of the fifteen patients 
with mumps showed a fourfold or greater rise in titer of mumps antibody as demonstrated 
by complement fixation. Sera from twelve of thirteen cases showed a fourfold or greater 


tise in titer of mumps antibody as demonstrated by inhibition of agglutination (Table I). 
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One case did not show a rise by either test, but sera were available only from the first and 
sixth days of illness. The cases of primary atypical pneumonia fulfilled previously outlined 
diagnostic criteria®: all showed fourfold or greater rises in cold hemagglutinin or strepto- 
coccal MG agglutinin titers. The patients with infectious mononucieosis had heterophile ag- 
glutinin titers of 128 or greater. An A-prime strain of influenza virus was isolated from 
throat washings from each of the three patients with influenza; in each case an eightfold 
or greater rise in agglutination-inhibition titer against the homologous virus was demonstrated, 
The diagnoses of the other illnesses were based on clinical criteria alone. 

All sera were stored at —20° C. for periods varying from a few months to approximately 
two years. Sera were heated at 56° C. for thirty minutes prior to examination. 

Viruses.—The Habel strain of mumps virus and the 4F strain of Newcastle disease 
virus were used. Each virus was cultivated in the chorioallantois of embryonated eggs. 
Mumps virus was inoculated on the sixth day of incubation and harvested on the 
thirteenth; NDV was inoculated into 10-day-old eggs and harvested thirty-six hours later. 
Infected chorioallantoic fluids, pooled and stored either at 4° C. or at —70° C., were used 
as antigens in the tests. Chorioallantoic fluid from uninoculated 13-day-old embryos was 
used as control antigen in the complement fixation test. 

Complement Fixation Tests.—The method employed using mumps virus as antigen has 
been described. The procedure using NDV as antigen was identical except -that NDV was 
substituted for mumps virus. Sera with a titer of less than 10 (final dilution of serum) 
were considered negative for complement-fixing activity for the purposes of this study. 

Agglutination-Inhibition Tests.—The procedure evaluated by Robbins, Kilham, Levens, 
and Enders1° for the diagnosis of infections by the mumps virus was employed.’ The pro- 
cedure using NDV as antigen was identical except that NDV was substituted for mumps 
virus, and human group O erythrocytes were substituted for chicken erythrocytes.2 


RESULTS WITH PAIRED SERA 


Mumps.—KEleven of the fifteen patients with mumps developed significant 
increases in complement-fixing activity against NDV (Table I). Sera from 
twelve patients were tested for inhibition of hemagglutination by NDV, and 
seven showed significant increases in titer. In three instances, the comple- 
ment fixation titers showed fourfold or greater rises, while antihemagglutinin 
titers showed no rise (Table I, Cases 5 and 9) or only a twofold rise (Case 12). 
In one instance (Case 4), the reverse was true, the antihemagglutinin titer 
increasing fourfold while the complement fixation titer showed only a twofold 
rise. Sera from two patients (Cases 10 and 13) failed to show a significant 
increase in titer by either test; one of these patients, from whom the last serum 
had been obtained on the sixth day of disease, did not show a rise in titer 
against mumps virus. Thus, twelve of the fifteen cases had fourfold or greater 
rises in titer against NDV in either complement fixation or antihemagg|utina- 
tion tests, six having rises by both tests. 

Other Infections.—Paired sera from fifty-six patients with infections other 
than mumps were examined for increases in titer against NDV (Table II). 
Fifty-five sets of sera were tested for inhibition of agglutination and none 
showed a significant increase in titer. Forty-nine sets of sera were satis- 
factorily tested* by complement fixation. Complement-fixing activity was 
detected in the sera from nine patients (Table III). Only one set of sera 
(Table IIT, Case 8) showed a fourfold rise in titer. This set of sera was tested 


*Certain sera were either anticomplementary or reacted with normal chorioallantoic fluid. 














Ase 
U nd 
di 
Inflv 
Atyy 
Infe 
Infe 
Peric 
Meas 
Chie] 
Para 
Tota 


Chori 


RELATIONSHIP OF COMPLEMENT-FIXING AND ANTIHEMAGGLUTINATING FACTORS 


TABLE I. 


Mumps 





DAY OF 
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ACTIVITY AGAINST Mumps VIRUS AND NDV IN SERA FROM PATIENTS WITH 


COMPLEMENT FIXATION TITER* | ANTIHEMAGGLUTINATION TITERt 





DISEASE 


4 
18 
47 
3 80 
10 640 
2 < 10 
27 >320 
10 < 10 
21 320 
9 320 
16 1,280 
43 1,280 
< 10 
5,120 
< 10 
320 
20 
>320 
>320 
80 
320 
10 
>320 
< 10 
>320 
>320 
< 10 
10 80 
i 40 
6 40 
3 < 10 
28 80 
4 10 
15 >320 





20 
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15 








MUMPS 


NDV 


>320 
< 10 

20 
< 10 

80 
< 10 
10 
80 


>320 
10 
160 
20 
160 
< 10 


>320 
< 10 

40 
< 10 
< 10 
< 10 


>320 
10 
80 
10 
10 
10 
80 
10 
10 
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reciprocal of the highest dilution of serum showing complete inhibition of agglutina- 
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Aseptic meningitis 
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TABLE III. Activiry AGAINST Mumps ViruUS IN PAIRED SERA FROM PATIENTS WITH Itt- 
NESSES OTHER THAN Mumps WITH COMPLEMENT-FIXING ACTIVITY AGAINST NDV 


l COMPLEMENT FIXATION | ANTIHEMAGGLUTINA-_ 
| . 
_— TITER® | TION TITER} 
| | DAY OF rites bw Et 
CASE | DIAGNOSIS | DISEASE | MUMPS— | NDV | MUMPS | Nbv 
] | Aseptic meningitis : | 10 | 160 16 
10 160 16 
| 
| 


Coe 


10 160 16 
20 20 -- 
20 20 — 
20) | +320 | 


> 3: 
>320 | 160 
> 3s 
>32 


-~ 
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| Atypical pneumonia 


~ 


| Atypical pneumonia 


2() 20 
»() 10 
20) 80 
40 80 
20 40 
20) | 40 
160 40 
160 20 
< 10 1-10 10 2 
< 10 | 
< 10 | 20 40; 
>320 160 
> 320 | 160 


—T 
cy 


| Infectious hepatitis 


— 
—a 


| Infectious hepatitis 
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| Infectious mononucleo 


im 


S1S 
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Pericarditis 


~~ 
eS 
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ee Oe 
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*The reciprocal of the highest dilution of serum in the tube showing 50 per cent or more 
fixation of complement. 
+The reciprocal of the highest dilution of serum showing complete inhibition of agglutina- 
tion. 
, Not tested. 


against NDV on three oceasions; twice a fourfold rise and once a twofold rise 
in complement-fixing titer was demonstraied. Complement fixat’on tests 
showed no mumps antibody. The patient was a 21-year-old colored woman 
with acute pericarditis who gave a history of mumps as a child. The greatest 
increase in titer was fourfold, the final titer was not high, and the rise oc- 
curred after the seventeenth day of illness. There was no change in anti- 
hemagglutinin titer. 
RESULTS WITH SINGLE SERA 

Since previous experience with mumps virus had indicated that anti- 
hemagglutinin titers of single sera were not a reliable index of antibody level,’ 
only the complement fixation test was used to examine single serum specimens 
from seventy-four healthy individuals for activity against NDV.  Sixty-six 
sera were satisfactorily tested. Complement-fixing activity against NDV 
was found in ten of these normal sera, of which eight also contained mumps 
antibody (Table IV). In sera from two normal subjects (Table 1V, Subjects 
9 and 10), the complement-fixing titer against NDV was 20, and no mumps 
antibody was detected in an initial dilution of 10. Serial sera were available 
from Subject 9. A specimen obtained two years previous to the one noted in 
Table IV showed no complement-fixing activity against either mumps °F 
NDV; a specimen obtained one year after the specimen noted in Table IV 
had a NDV titer of 10, but no mumps antibody was detected. It is unlikely 
that the NDV activity was due to mumps because the subject developed mumps 
with orchitis one year after the last serum was obtained. 
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TABLE IV. COMPLEMENT-FIXING ACTIVITY AGAINST MUMPS VIRUS IN SINGLE SERA FROM 
NORMAL SUBJECTS WITH COMPLEMENT-FIXING ACTIVITY AGAINST NDV 








COMPLEMENT FIXATION TITER* 
SUBJECT i MUMPS 
40 
20 
40 
20 
160 
160 20 
40 10 
20 20 
9 rae 20 
10 < 10, 20 




















“*The reciprocal of the highest dilution of serum in the tube “showing 50 per cent or more 
fixation of complement. 


COMPARISON OF RESULTS WITH MUMPS AND NDV 


Sera from ninety-eight individuals were satisfactorily examined in the 
complement fixation test for mumps antibody and NDV factor (Table V). 
For the purposes of this comparison the results of tests with convalescent 
sera were considered representative of the antibody status of the individuals 
with mumps or other illnesses. 


TABLE V. COMPLEMENT-FIXING ACTIVITY AGAINST Mumps VIRUS AND NDV IN SERA FROM 
THREE GROUPS OF INDIVIDUALS 


| 


} NUMBER “MU MP S ANTIBODY NDV FAC TOR 
DIAG NOSIS — | TE STE D _PR ESE NT ABSE NT p R ESE N T ABSEN NT 


Mumps _ 15 : i et 1B 

Other illnesses 22 9 9 [ft 

Normal 61 46 15 10 5 
—  .. | -— || - )  - “2 —~C«s 66 


Of these ninety-eight individuals, seventy-four (76 per cent) had mumps 
antibody, thirty-two (33 per cent) had NDV factor, and twenty-one (21 per 
cent) had neither (Table VI). Of the seventy-four persons with mumps anti- 
hody, twenty-nine (39 per cent) had NDV factor. Of the thirty-two indi- 
viduals with NDV factor, twenty-nine (91 per cent) had mumps antibody 
(Table VI). All but three persons, as detailed in previous sections, whose sera 
contained an NDV complement-fixing factor also showed mumps antibody. 


TABLE VI. CORRELATION OF COMPLEMENT-FIXING ACTIVITY AGAINST Mumps Virus AND NDV 
IN SERA FROM 98 INDIVIDUALS 


PR ESE N’ . | ABSENT TOTAL 
29 45 74 
-_—" — | 24 


~ Present 


Mumps antibody Abeer t oo 
a sen 


in NDV FACTOR 
| 
| 


——— : = ee 
lotal 32 66 98 


A comparison was made of the levels of mumps antibody and NDV factor 
In the twenty-nine sera (Table VI) in which complement-fixing activity 
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against mumps virus and NDV was detected in a titer of 10 or higher. 
Mumps antibody was detected in a titer equal to or greater than the NDV 
titer with but four exceptions (Table IIT, Cases 1, 5, and 6; Table IV, Sub- 
ject 4). In only two of these sera was the NDV titer four times greater than 
the mumps titer, and in only one of these (Table III, Case 1) was the disparity 
great. 

Tabulation of mumps and NDYV titers in the acute and convalescent phase 
mumps sera (Table I) indicated that the rise in NDV titer paralleled that 
of mumps. In the complement fixation test, the fold increase in NDV titer 
was the same in six cases; in eight cases it was less than the fold inerease in 
mumps titer, two eases failing to develop any activity against NDV; in one 
case there was a slight increase in NDV titer (<10 to 10) in the absence of 
any increase in mumps titer, but the mumps titer was high in both sera (40 
and 40). In the agglutination-inhibition test, the fold increase in NDV titer 
was greater in one case, the same in three cases, and smaller in eight cases. 


DISCUSSION 


The recent observation that an increase in heat-stable factor with anti- 
hemagglutinating activity against NDV developed in the sera of patients con- 
valescing from mumps” has been confirmed. In addition, increases in titer 
of heat-stable factor were demonstrable by complement fixation. The use of 
complement fixation, in contradistinction to agglutination-inhibition,’ per- 
mitted comparison of titers of mumps antibody and NDV factor in the sera. 
Thus it was possible to employ single sera as well as paired sera from patients 
as the bases for certain of the correlations. 

There was a close correlation between NDV complement-fixing factor and 
mumps antibody in sera. Fourfold or greater increases in complement-fixing 
or antihemagglutinating activity against NDV were detected in twelve of the 
fifteen paired sera from cases of mumps and not in sera from other diseases. 
Such increases in titer of NDV activity were found at the same time that there 
was an increase in titer of specific mumps antibody. When sera from ninety- 
eight individuals were tested for complement-fixing activity, 91 per cent of the 
sera with NDV factor also had mumps antibody. In sera with activity against 
both mumps virus and NDV, mumps antibody was detected in a titer equal to 
or greater than the NDV titer in all but four of the sera. These results 
strongly suggest that the activity against NDV in sera was dependent upon 
the presence of mumps antibody. 

Certain of the data indicate, however, that NDV complement-fixing ac- 
tivity was not invariably dependent upon the presence of mumps antibody. 
In three sera, one from a patient with acute pericarditis (Table III, Case 8) 
and two from normal persons (Table IV, Cases 9 and 10), heat-stable NDV 
complement-fixing factor was detected in the absence of demonstrable mumps 
antibody. In addition, there were four sera in which NDV factor was present 
in a higher titer than mumps antibody; in one of these sera the NIV factor 
was present in a titer of 160, while mumps antibody was detected in a titer 
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of only 10 (Table IIT, Case 1). The possibility that certain of these findings 
were due to experimental error cannot be excluded, but it seemed unlikely 
as an explanation for all three instances in which NDV factor was detected in 
the absence of mumps antibody. The results of three separate tests on the sera 
from the patient with acute pericarditis were all in the same direction. Strong 
evidence that mumps antibody could not have been responsible for the NDV 
factor in the serum from one of the normal subjects was deduced from the fact 
that this individual subsequently developed mumps. It must be concluded, 
therefore, that in certain instances NDV factor may be present in sera inde- 
pendent of the presence of mumps antibody. 

It is pertinent at this point to speculate concerning the implications of 
the correlations just considered. The simplest explanation for the fact that 
NDV factor was almost regularly associated with the presence of mumps 
antibody in sera is to assume that the mumps and Newcastle disease viruses 
share a common antigen, or antigens. The observations that an increase 
in titer of NDV factor was not detected in all sets of sera from cases of mumps 
(Table I) and that NDV factor was detected in only 39 per cent of sera con- 
taining mumps antibody (Table VI) are consonant with the findings in other 
specific infections which frequently, but not invariably, lead to an ‘‘anamnes- 
tic’? type of response. In lieu of an antigenic similarity between the two 
viruses, it is possible that there are two or more types of mumps virus and that 
not all of them stimulate the development of NDV factor. If so, this would 
be the first indication of antigenic dissimilarity among the various strains of 
mumps virus so far isolated. 


The instances in which NDV factor was detected in sera in the absence 
of mumps antibody are not readily explained by the hypotheses already noted. 
An important consideration, unanswerable on the basis of data at present 
available, is the possibility that NDV factor was present in these sera as a re- 
sult of infection with this virus. Specific antibodies, as measured by comple- 
ment fixation and agglutination-inhibition, have appeared in the serum of 
monkeys during convalescence from an encephalitis produced by intracerebral 
inoculation of NDV.™ All of the five infections in human beings thus far 
reported in which the diagnosis was established by isolation of NDV virus 
have been cases of conjunctivitis..2%* One patient developed significant, but 
not marked, rises in anti-hemagglutinin and neutralization titers.’ Sera from 
two patients, tested for inhibition of agglutination, showed no significant rise 
in titer..*> Convalescent serum from a fourth patient had a ‘‘strongly positive’ 
antihemagglutinin titer.1* Significantly elevated neutralization indices and 
higher antihemagglutinin titers have been found in the sera of laboratory per- 
sonnel exposed to NDV than in the sera of others not so exposed.? The data 
given? indicate that all sera with antihemagglutinin activity against NDV were 
similarly active against mumps virus. The unreliability of agglutination- 
inhibition as a quantitative index of antibody levels* and the demonstraton 
of a heat-labile component in normal human sera which neutralizes the in- 
fectivity of NDV* 4 make it impossible to characterize the antibody response 
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in these apparent, or possibly inapparent, human infections with NDV. Like- 
wise, the available data, including those reported herein, are insufficient to 
evaluate the possibility that NDV infections result in the production of anti- 
body active against mumps virus. 

It is possible that agents other than mumps virus and NDV may stimulate 
the development of serum factors active against NDV. Three of the twenty- 
three control patients (all with meningitie illness) tested by Kilham and 
co-workers? developed serum neutralization indices of over 250. This finding 
may have been due to a normal heat-labile serum component,* * the difference 
hetween the acute and convalescent phase sera perhaps being a function of 
storage.® 

The results with mumps virus and NDV suggested that other viruses with 
similar biologie properties might induce serum activity against NDV. The in- 
fluenza viruses also agglutinate erythrocytes and fall in the same receptor 
gradient,°"* but sera from three patients with influenza showed no activity 
against NDV. Sera from patients with infectious mononucleosis may ag- 
glutinate erythrocytes modified by the action of NDV,'*'? but such sera showed 
no inerease in complement-fixing or antihemagglutinating activity against 
NDV. With but one exception, sera from persons ill with other virus, or 
presumed virus, infections showed no increase in activity against NDV. 

Complete elucidation of the relationship of complement-fixing and anti- 
hemagglutinating factors against the viruses of mumps and Neweastle disease 
will require prolonged study of individuals with mumps and other infections 
and the use of specific animal sera. Further study will be necessary to deter- 
mine whether NDV produces illnesses other than conjunctivitis in man and 
to characterize the antibody response. 


The results of the present study emphasize the close biologie relation- 


ship between NDV and mumps virus, and mean, as pointed out by Kilham, 
Jungherr, and Luginbuhl,? that a serologic diagnosis of Neweastle disease 
in man must be made with caution. 


SUMMARY 


A heat-stable factor with complement-fixing as well as antihemagglutinat- 
ing activity against NDV increased in titer in the sera of twelve of fifteen pa- 
tients convalescing from mumps at the same time that there was an increase 
in titer of mumps antibody. 

Similar increases in titer were not found in convalescent phase sera from 
patients ill with a variety of other diseases. A slight increase in complement- 
fixing activity against NDV, in the absence of mumps antibody, developed in 
sera from a patient with acute pericarditis. 

Sera from ninety-eight individuals were tested for complement-fixing 
activity against both mumps virus and NDV. Ninety-one per cent of sera 
with NDV factor also had mumps antibody. 

In three sera, NDV factor was detected in the absence of demonstrable 
mumps antibody. 
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Although complement-fixing activity against NDV may be found in sera 
independent of activity against mumps virus, the close correlation of the two 
strongly suggests that the presence of NDV factor was dependent upon the 
presence of mumps antibody. 

This relationship is best explained by assuming that mumps virus and 
NDV have a common antigen, or antigens, and that NDV factor developed as a 
response to infection with mumps virus. 

The serologic diagnosis of Neweastle disease in man must be made with 
caution. 
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PRESERVATION OF THE SPECIFIC AGGLUTINABILITY OF 
HUMAN RED BLOOD CELLS 


Ropert L. Wau, M.D.,* Marrua JAYNE, B.S., AND JEANNE BEAUCHAMP, B.A, 
WASHINGTON, D. C. 


ITH the increased use of hemagglutination tests, both qualitative and quan- 

titative, occasioned by extension of blood banking procedures and labora- 
tory investigations concerned with the Rh factors, there arises a need for stand- 
ardizing these techniques. In tests designed to demonstrate hemagglutination 
specific for the red cell antigens, an important source of variation is the test red 
cell containing these antigens. This is evidenced by the variation in titer of a 
single antiserum when titrated against red cells from more than one source 
despite the fact that all sources are of the same ABO group and Rh type. Thus 
it is difficult to repeat titrations periodically on a serum from an individual 
source, such as is done throughout the pregnancy of an Rh-sensitized woman, 
with any assurance that changes in titer of the serum can be attributed to an 
increase of titratable antibody rather than to an artifact resulting from differ- 
ences in the test red cells. 


If the specific agglutinability of the red cell could be preserved over a 
reasonable storage period, variation from this source would be reduced and serial 
titrations could be performed on individuals with some assurance that changes 
of antibody titer would not be attributable to the red cell source. 


In addition there is need for maintaining an adequate supply of red cells of 
types not readily available and for eliminating the necessity of daily venipunc- 
ture of donors of those types that are available. 

Bukantz, Rein, and Kent? preserved sheep red cells in citrate-dextrose mix- 
ture (modified Alsever’s solution) for use in complement fixation reactions and 
found that cells collected aseptically in equal volumes of this solution and stored 
at refrigerator temperatures can be used for ten weeks without significant alter- 
ation in their susceptibility to lysis by complement and amboceptor. 

A preliminary investigation was conducted by Hattersley and Fawcett* who 
studied the preservation of human erythrocytes, in sterile Alsever’s solution, for 
the detection and identification of Rh antibodies. One of their blood specimens 
was preserved successfully for seven weeks. 

It was the purpose of the present study to determine the longevity of the 
specific agglutinability against a variety of specific antiserums of specific bloods 
representative of the ABO groups and the Rh types preserved in modified Al- 
sever’s solution. 


From the Blood Research Section. Department of Biologic Products, Army 
partment Research and Graduate School. 

Received for publication, May 19, 1950. 

*Captain, United States Army, Medical Corps. 
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METHODS AND MATERIALS 

ABO Blood Group Tests.— 

Preparation of Antiserums and Cell Suspensions for ABO Blood Grouping Titrations: 
Fifty milliliters of blood were drawn by venipuncture from each of six donors of blood 
groups A,, A,, A,B, A.B, B, and 0, and each blood specimen was added to a separate flask 
containing 50 ml. of sterile modified Alsever’s solution (dextrose 2.05 per cent, sodium 
chloride 0.42 per cent, trisodium citrate 0.055 per cent). Following a sterility test of each 
flask, the bloods were dispensed aseptically as 2 ml. aliquots into sterile vaccine bottles 
fitted with rubber sleeve-caps and stored at 4 to 8° C. 


Anti-A and anti-B serums (of known titer) were reconstituted from the lyophilized 
state with sterile distilled water, and sufficient bottles of each serum were pooled to make 
a volume of 50 milliliters. Each pool was then dispensed into 2 ml. aliquots and stored in 
the frozen state. 

Titrations were performed by two methods: (1) test tube-centrifugation and (2) 
slide technique. 

Test Tube-Centrifugation Tests for ABO Blood Groups: Successive twofold increased 
saline dilutions of each pooled antiserum were prepared in sufficient quantity for performing 
all titrations in one day’s work and pipetted into labeled Wassermann-type test tubes in 
0.2 ml. quantities. One aliquot of preserved red cells from each of the six sources was 
selected, a sterility test was performed and the cells were washed twice in saline to remove 
plasma and Alsever’s solution. The cells were then suspended to a 2 per cent concentra- 
tion in fresh saline and 0.1 ml. quantities of the suspensions were added to the appropriate 
tubes containing the antiserums. The tubes were incubated for fifteen minutes at room 
temperature, centrifuged two minutes at 1,000 r.p.m., and read macroscopically over a 
concave mirror. Agglutinations were recorded as positive or negative, the recorded end 
point of all titrations being the reciprocal of the greatest dilution of antiserum giving a 
definite macroscopic agglutination. 

Slide Tests for ABO Blood Groups: Slide method titrations were performed on the 
preserved cells employing the same stock dilutions of antiserums prepared for the test tube 
tests. One-tenth milliliter of a 2 per cent saline suspension of twice-washed preserved 
cells was mixed with 0.05 ml. of each serum dilution on a glass slide at room temperature. 
Macroscopic readings for agglutination were made at three and five minutes and recorded 
a8 positive or negative. The recorded end point of the titration was the reciprocal of the 
greatest serum dilution giving a positive macroscopic agglutination at five minutes. 

The following titrations were performed at weekly intervals by the two methods out- 
lined. Screening tests were performed concomitantly by the same two methods to detect 
nonspecific reactions. 


ANTISERUM > 
ANTI-A ANTI-B 


Preserved cells in Se ie A 





Alsever’s solution 





ae 
Fresh cells in 
_ Alsever ’s solution 











T, Titration; S, screening. 


Eh Blood Group Tests.— 

Preparation of Antiserums and Cell Suspensions for Rh Blood Grouping Titrations: 
Donors of Rh blood types CD (Rh,), DE (Rh,), C (rh’), E (rh”), D (Rh,), and ede (rh nega- 
tive) were selected, bled, and their cells prepared as previously described. The following 
antiserums were dispensed into aliquots suitable for one day’s titrations and were stored in 
the frozen state: anti-D (Rh,) saline-acting; anti-D (Rh,) albumin-acting; anti-E (rh”) 
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saline-acting; anti-C (rh’) saline-acting; and anti-CD (Rh,) albumin-acting. Prior to use, 
dilutions of the antiserums were prepared in the appropriate diluents (saline or 20 per cent 
bovine albumin solution) in quantities sufficient for one day’s titrations of all cell types by 
both slide and test tube methods, Following sterility tests on the preserved cells, they were 
washed twice in saline and then prepared as three suspensions: (1) a 2 per cent suspension 
in saline for test tube tests with saline-acting antibodies, (2) a 2 per cent suspension in 20 per 
cent bovine albumin solution for test tube tests with the albumin-acting antiserums, and (3) a 
45 per cent suspension in 20 per cent bovine albumin solution for slide tests. 

Test Tube-Centrifugation Tests for Rh Blood Types: 
red cell suspension to successive twofold increased dilutions of the appropriate antiserum, all 
saline-acting antiserum tests were incubated one hour at 37° C., centrifuged at 1,000 r.p.m. 
for two minutes, and read; while all albumin-acting antiserums were incubated forty-five min- 


Following addition of the proper 


utes, similarly centrifuged, and read. 

The following test tube titrations and screenings for specificity were performed at 
weekly intervals, 
ANTISERUMS 

ANTI-D ANTI-C 


| ANTI-D 
|CELL TYPE | SALINE ALBUMIN SALINE 


ANTI-E ANTI-CD 


Preserved 
cells in 


CD 
DE 


Ss 


SALINE 


ALBUMIN 
1 I 


‘ig . 
Alsever’s ; 


‘ CG 
solution 


D 

£ 
ede 
Fresh cells CD 
in Alsever’s | DE | 
solution | 


T, Titration; S, screening. 


The recorded end point of all Rh test tube titrations was the reciprocal of the greatest 
dilution of antiserum which gave a definite macroscopic agglutination. 

Slide Method Tests for Rh Blood Types: 
antibodies and, thus, suitable for slide agglutination titrations were available. 
anti-CD (Rh/) and anti-D (Rh,) specificity. Tests of the CD(Rh/), DE(Rh,’), and D(Rh,) 
Alsever preserved red cells were performed using the aforementioned antiserums on slides at 
37° C. One tenth millilter of the 45 per cent cell suspensions in 20 per cent albumin was mixed 
The end point of the slide test was recorded as the 


Two antiserums containing albumin-acting 
These were of 


with 0.05 ml. of the serum dilution. 
reciprocal of the greatest dilution of antiserum which demonstrated macroscopic agglutina- 
tion at three minutes, 

Control Tests.—It was recognized that differences in titers of the antiserum, indicating 
the degree of agglutinability of the preserved cells, would. be meaningless if adequate control 
of the antiserums were not maintained throughout the study. Consequently, fresh cells of 
representative ABO groups and Rh types were drawn each week, suspended in modified 
Alsever’s solution, and used in parallel titrations with the preserved red cells. Since the paral- 
lel titrations of preserved and fresh red cells were performed employing common dilutions of 
the antiserums, any difference in the weekly titer of the control cells would indicate a change 
in the titer of the test antiserums. These minor week-to-week deviations of the titer of the 
antiserums must be applied to the weekly titer of the preserved cell titrations so that deviations 
of the corrected preserved cell titer would indicate actual changes in specific agglutinability of 
the preserved red ¢ells. Therefore, the discussion of results is based on only the corrected 
titers obtained with preserved cells. 


RESULTS 


End points of weekly titrations of preserved red cells, the deviation of the 
control cell titers, and deviation of preserved cell titers, corrected for control 
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cell deviations, are recorded in Tables I to IV. The corrected preserved cell titers 
are plotted in Figs. 1 to 4 as deviations, plus or minus, from the corresponding 
weekly control titer which serves as a base line. For simplicity, each twofold 
dilution above or below the control line is portrayed as 1 deviation unit. Actual 
changes in weekly titer of the antiserums were minor, in no case exceeding two, 
twofold dilutions. 
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Fig. 1.—End points of test tube titrations of preserved suspensions of human red cells 
containing A and B blood group antigens. Plotted values are deviations of individual end 
points from end points of control suspensions similarly titrated and represented by the zero 
base line. A unit of deviation represents one twofold dilution of antiserum. The dotted lines 
paralleling the zero base line indicate the commonly accepted +1 twofold dilution (unit) error 
of pipette-dilution titrations. End points falling out of this +1 unit range represent changes in 
the preservation of specific agglutinability of the preserved red cells. 


The range of error in pipette-dilution test tube and slide titrations com- 
monly experienced in these laboratories is + one twofold dilution (1 unit). This 
range of error is indicated by dotted lines (Figs. 1 to 4) paralleling the control 
line of zero deviation. Titration end points falling outside of this range of 
error are considered actual deviations from the controls, attributable to the con- 
dition of the preserved red cells. 

The longevity of specific agglutinability of preserved red cell suspensions 
throughout a period of study can be expressed tangibly as the proportion of the 
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TABLE III. TaspuLarion or THE TEST TUBE TITERS OF PRESERVED RED CELLS TITRATED With 
THE PRESERVED CELL TITERS, CORRECTED 
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total titration end points which differ from their respective controls by more 
than 1 unit deviation. For example, if three titration end points out of 100 
titrations performed over the preservation period deviated 2 or more units from 
the control, this would mean that 97 per cent of the end points were within the 
range of error inherent in the testing method, and would demonstrate that the 
specific agglutinability of the red cells had been well preserved. 


DISCUSSION 

Preservation of Red Cells of the ABO Groups.—Measuring the preservation 
of specific agglutinability of six different human bloods representative of the 
ABO blood groups by the test tube method resulted in 140 titrations being per- 
formed during the study period (Table I and Fig. 1). Of these 140 titrations, 
nineteen (13.5 per cent) of the end points deviated more than + 1 unit. How- 
ever, it was observed that sixteen of the nineteen deviations occurred with cells 
containing the A. agelutinogen. If the two bloods containing this aggiutinogen 
are excluded, leaving 100 titrations, only three end points (3 per cent) fall out- 
side the control area. This means that 97 per cent of the titrations were within 
the expected range of error and that these cells, i.e., excluding those containing 
the A, agglutinogen, were well preserved for 132 days. But as the experiment 
was not designed to measure differences within blood groups (there being only 
one source of cells for each blood group), further investigation is necessary 
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hefore any conclusions are warranted concerning the stability of cells contain- 
ing the A, agglutinogen. 
Of 140 titrations performed by the slide titration method during the entire 
study, ten (7.1 per cent) end points deviated from the control area (Table II 
and Fig. 2). However, following 110 days of preservation, only two end points 
out of 119 titrations (1.7 per cent) fell outside the range of error. 
From the results presented in Figs. 1 and 2, it is readily apparent that, with 
the possible exception of cells containing the A. agglutinogen, there was no ap- 
preciable loss of specific agglutinability throughout the 132-day study period. 
: Comparing the state of preservation of agglutinability of red cells as meas- 
ured by the slide and the test tube methods of titration, it would appear that 
the slide method is superior. However, further examination revealed that despite 
the fact that the same cell suspensions and the same dilutions of antiserums were 
; used in both methods of testing, the test tube titrations consistently yielded 
higher titers (three to four twofold dilutions), providing evidence of greater 
- sensitivity of this testing method. These observations confirm our opinion based 
y OM previous observations that the test tube method is superior to the slide 
g method of titration. 
i Preservation of Red Cells of Rh Types.—Using the test tube method of 
y titration, six different bloods representative of the Rh types were titrated with 



































five different antiserums resulting in 223 titrations being performed during the 
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125-day study period (Table III and Fig. 3). Of these 223 titrations, twenty- 
five (11.2 per cent) end points deviated from those of the controls by more than 
+1 unit (twofold dilution). 

At eighty-three days, ten (6.7 per cent) of the end points out of 149 titra- 
tions deviated from the control range. However, eight of these ten end points 
were with cells containing only the C (rh’) agglutinogen. If these are excluded 
(as was done with the A, agglutinogen), only two (1.7 per cent) of 118 titra- 
tions fall outside the accepted range of error. Again it should be emphasized 
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Fig. 2.—End points of slide titrations of preserved suspensions of human red cells con- 


taining A and B blood group antigens. Plotted values are deviations from control suspensions 
(see legend of Fig. 1). 


that this experiment was not designed to measure differences in stability within 
Rh cell types. Accordingly, the observation of instability of cells containing the 
C factor in this experiment does not justify a conclusion that cells containing the 
C factor generally are less stable. 

Employing the slide method of titration, it was found that, of 100 such tests 
performed on three different Rh type bloods with two different Rh slide serums 
during a period of 125 days, only three (3 per cent) end points deviated from 
the control range (Fig. 4 and Table IV). At 110 days none of the end points 
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of the eighty-eight titrations performed to that date had deviated from the eon- 
trol range. As was found with the ABO slide test, the Rh slide test titers also 
were consistently lower than the test tube titers. This insensitivity accounts for 
the apparent, but misleading, superiority of the slide method. 
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Fig. 3.—End points of test tube titrations of preserved suspensions of human red cells 


containing Rh blood group antigens. Plotted values are deviations from control suspensions 
(see legend of Fig. 1) 


In general, it was observed that all cell suspensions showed gross hemolysis 
after four weeks of preservation. However, this in no way interfered with their 
utilization in the test tube and slide titrations, for when these cells were washed 
twice in saline, no evidence of hemolysis was observed in the supernate. It was 
not until 104 days of preservation that hemolysis was evidenced in the supernate 
following washing with saline. At this time the agglutinability of the cells had 
not altered in degree or specificity but the resultant aggregates were more fragile, 
Le., they were broken up by minimal agitation. 

In no instance was any loss of ABO or Rh specificity of the red cell sus- 
Pensions observed. Also, none of the specimens became contaminated with bac- 
teria throughout the study. These observations are of great importance in con- 
sideration of the practicability of using such preserved red cell suspensions in 
routine laboratory tests. 
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From the results of this study it is concluded that human red blood cells 
preserved in modified Alsever’s solution in the manner presented are satisfae- 
tory for use in either ABO or Rh hemagglutination tests for a period of at least 
two months. 
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_, Fig. 4.—End points of slide titrations of preserved suspensions of human red cells con- 
taining Rh blood group antigens. Plotted values are deviations from control suspensions 
(see legend of Fig. 1). 


SUMMARY 
A method of preserving the specific hemagglutinability of human red cells, 
proposed by Hattersley? and modified by us, is described. Control measures and 
standards used in evaluation of the data are presented in detail. 





The specific ABO and Rh ageglutinability of red cell suspensions preserved 
lor 132 days and 125 days respectively was determined by both test tube and 
slide titration methods. 

Red cells containing the A. agglutinogen were found to be least stable, but 
Suspensions of all blood types employed were satisfactory for use in hemag- 
glutination tests for a period of at least two months. 
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SERUM CHOLINESTERASE DETERMINATION IN THE 
DIFFERENTIAL DIAGNOSIS OF JAUNDICE 


J. M. ORELLANA ALCALDE, M.D.* 
MINNEAPOLIS, MINN. 


N RECENT years many studies of the serum cholinesterase indicate that the 
| activity of this enzyme is depressed in patients with liver disease.’ 

The report by Alles and Hawes" in 1940 was later confirmed by Mendel and 
Rudney'” ** (1943) and others*°-** that the enzyme present in the serum, which 
is capable of hydrolyzing acetylcholine, is a nonspecific cholinesterase, there- 
fore differing from that of the erythrocyte and central nervous system. The 
reports of Brauer?’ (1946), Sawyer and Everett?® (1947), and others *° that 
the liver is the main site of synthesis of this nonspecific enzyme has focused 
attention on this type of cholinesterase in relation to liver disease and the dif- 
ferential diagnosis of jaundice. 

Because the determination of cholinesterase by either the manometric titra- 
tion or photometric method is rather difficult, neither of these has been found 
desirable as a routine test. 

Michel has recently described a simple potentiometric method.*! This de- 
pends on the change in pH caused by liberation of acetic acid in the hydrolysis 
of acetylcholine by cholinesterase. 

Inasmuch as the details of Michel’s method were not available to us at the 
outset of this study, we worked out a simple practical procedure based on the 
electrometric method of Gilman*? and on a preliminary report of Michel’s pro- 
cedure.> In addition to a study of this method in a series of cases of jaundice 
and liver disease, an attempt has been made to correlate our results with other 
clinical and laboratory features believed important to the differential diag- 
nosis of jaundice. 


METHOD 

Reagents.— 

Substrate: Ten per cent solution of acetylcholine bromide in distilled water. This 
solution is kept in a refrigerator and renewed about every ten days to avoid hydrolysis. 

Buffer: 4.240 Gm, of barbital sodium and 5 Gm. of sodium glycerophosphate are 
dissolved in about 900 ml. of distilled water; 2.4 ml. of a 10 per cent solution of HCl are 
added, and the volume is made up to 1,000 ml. with distilled water. The pH of this buffer 
should be 8.00 at 25° C. 

Method.—One milliliter of the substrate solution is added to 0.2 ml. of serum, fasting 
sample, in 10 ml. of buffer. The mixture is incubated for an hour at 37° C. The amount 
of acetic acid liberated during this period of time, expressed by the lowering of the pH 
of the solution, is measured with a Beckman pH meter at 25° C. The difference in pH be- 
fore and after incubation, minus the correction factor for the nonenzymatic hydrolysis, 
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as described below, is the cholinesterase value in pH units. For example, a decline from 
pH 8.00 to 7.48 equals a total value of 0.52. Subtracting 0.04 (correction factor for pH 
7.50), a value of 0.48 is obtained for cholinesterase in pH. units. 

The correction values for the nonenzymatic hydrolysis are shown in Table I. These 
are based on the average of at Jeast three determinations, using Veronal buffer at de- 
creasing pH. The amounts and time of incubation were the same as used in the deter 
mination of the enzymatic hydrolysis. These values are similar to those reported by Michel, 

This report comprises 211 determinations of serum cholinesterase. The normal group 
consisted of fifty apparently normal individuals, including students of the University of 
Minnesota and doctors and technicians of the University Hospital. A second group was 
formed by 157 determinations in patients with jaundice or liver disease. The distribution 
is as follows: forty cases of cirrhosis, fifty cases of obstructive jaundice, and seventy-two 
determinations in twenty-four cases of infectious hepatitis.* In the majority of cases the 
diagnosis was established by operation or autopsy, or by needle biopsy, and in the re- 


mainder the clinical and laboratory features were regarded as characteristic. 


TABLE I, CORRECTION FOR THE NONENZYMATIC HYDROLYSIS 














PH INDIVIDUAL RUNS AVERAGE 
7.90 0.08 | 008 |; O10 | O10 | °° °&| O10 | 0.092 
7.80 | 0.07. | 0.06 | | 008 | 006 | 0.07 | 0.068 
7.70 0,05 a 0.05 | 0.06 | 007) | | 0.06 0.058 
7.60 0.06 | 0.04 | 0.06 | | 0.05 0.052 
750 | 004 | O04 | 004 | | 004 | °° ° +&«+| 0.040° 
740 |" 0.04 | 0.03 | 0.03 | 0.04 0.03 | | 0.0384 
as ca tal ee... ee a 
7.20 0.02 | ) 002) | 008 |] 
7.10 | 0.028 [0.02 |e 0.020 
7.00 | 0.01 | 0.00 | 0.01 0.01 0.007 
6.80 | | [ | 000 | O01 | OO1 | 0006 — 





Although repeat determinations were done in many of the cases, only the initial value 
for serum cholinesterase is included here, except in the hepatitis group in which, for 
reasons to be mentioned, values are included for various stages of the disease. 


RESULTS 

The data for the various groups are shown in Fig. 1. In the first four 
columns each point represents one case. In the last column seventy-two <deter- 
minations are represented for twenty-four cases of infectious hepatitis. 

It is seen in Fig. 1 that the normal range is from 0.38 to 1.09 with an 
average of 0.60. 

In the patients with cirrhosis of the liver, without exception, the values 
were consistently low, varying between 0.07 and 0.33. The lowest values in 
this group were found in patients in hepatic coma, In a case of Wilson’s dis- 
ease, in which fibrosis of the liver was proved by liver biopsy, the cholinesterase 
value was low (0.32), although all the other tests failed to detect any abnor- 
mality. 

In obstructive jaundice a striking difference was observed in the case of 
benign as contrasted with malignant extrahepatic obstruction. In the former 


*I am indebted to Dr. Victor M. Sborov, Army Hepatic and Metabolic Center, vale? 
Forge General Hospital, Phoenixville, Pa., for making available a number of samples 0 
serum from cases of infectious hepatitis. 
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the values ranged from 0.37 to 0.63 and were therefore essentially within normal 
limits. There were two exceptions: one of severe cholangitis, the other of com- 
plete biliary obstruction due to stone, the first with a value of 0.28 and the latter 
with a value of 0.26. A range of 0.06 to 0.29 was found in all cases in which a 
malignant obstruction was proved by operation or necropsy. In one case only, 
a value of 0.36 was found. Since low values have been reported in patients with 
carcinoma**** it is possible that this in itself is the explanation for the low values 
in the present cases. However, determinations made in a few cases of other 
types of carcinoma fail to show consistently low values; the results appear to 
vary more in relation with the general condition of the patient. This is a point 
requiring further study. 
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Fig. 1.—Values for nonspecific cholinesterase in serum in the various groups studied. 


Serial determinations on nonspecific serum cholinesterase activity in pa- 
tients with hepatitis suggest that the level of this enzyme is a very sensitive 
index of hepatic function. In the present material, values were always low at 
the peak of the disease and appeared to be correlated roughly with the patient’s 
clinical condition. In ie. 2 the results of eighty-two determinations in thirty- 
five cases are shown with relation to the approximate period of the disease. This 
simply reveals that the principal abnormality is encountered during the acute 
phase and that the values rise rather promptly during convalescence, It is noted 
in Fig, 2 that two values have been encircled; these are from the same patient, 
taken on the first and third days of the disease. The data from this patient are 
shown in more detail in Fig. 3 (Patient M. D.). The other patient shown in 
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Kig. 3 exhibited steadily declining values, and the course of the disease was 
rapidly downward to a fatal termination. In Patient M. D., however, it was 
noted that the values increased and reached a peak even when other liver fune- 
tion tests were still abnormal, then declined to a relatively constant level in the 
normal range. This sequence for the nonspecific cholinesterase values also has 
been observed in three other patients with hepatitis going on to recovery, in 
which cases serial determinations were made. 


Infectious Hepatitis 




















1.10 
© 1.001 
> 
S 20L 
B 
Q gol 
x ‘ 
y -70b oe . 
y © e . 2d . 
- 60. oe © @e8@ e 
¥ © a 
wy e ce 
N JOOL : - ee ee . 
3 . ssa! 2 ae oe 
o 40. —_ e ° 
XN ‘ ‘ ae oie e 
S OOP e ° e 
® -20;° r 
& ° 
S op , 

0.00 

Period of Early Ma and Late 


acute éiiness Convalescence Convalescence 
Fig. 2.—Values for nonspecific cholinesterase in serum in cases of infectious hepatitis at | 
different stages of disease. 

Comparisons of the cholinesterase values were made with those for the 
prompt (1 minute) direct reacting and total serum bilirubins, the total choles- 
terol, and per cent of cholesterol esters, the serum albumin and globulin, and 
the cephalin-cholesterol flocculation, thymol turbidity, and zine turbidity tests. 

TABLE II. CORRELATION OF NONSPECIFIC CHOLINESTERASE VALUES WITH OTHER 


DETERMINATIONS 





CASES OF CIRRHOSIS l ALL CASES 











dates r f ——— 
Total bilirubin ata - .32* - .33* 
Thymol turbidity =) 26 - .29* 
Zine turbidity =» oad. - .20 
Cholesterol ester (%) 45* 13 
Alk. phosphatase 25 P| 
Serum albumin .38 .04* 
Serum A/G ratio .39 .44* 





*Significantly different from zero. 
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The degree of correlation is shown in Tables II and III. While that with the 
serum albumin is the most significant of any, it is not as close as was recently 
reported by Levine and Hoyt.*’ Their series, however, was much more hetero- 
geneous than the present material, including pernicious anemia, leucemia, tuber- 
culosis, and other diseases. 
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Fig. 3.—Serial values for nonspecific cholinesterase in serum in two cases of infectious 


hepatitis—one of epidemic type progressing to recovery, the other a fatal case of homologous 
serum jaundice. 


The probability that nonspecific cholinesterase is produced at least mainly 
in the liver cells would appear to establish an advantage of the cholinesterase 
determination over such tests as thymol turbidity, zine turbidity, and cephalin- 
cholesterol] flocculation. These tests, although valuable in the differential diag- 
nosis of Jaundice, are by no means an index of hepatic function alone.***’ They 
actually indicate nothing more than abnormality in the serum proteins, although, 
very often of course, this is a reflection of liver injury. 

Cholinesterase determinations can be used to advantage in the differential 
diagnosis of jaundice. The present finding that a high percentage of cases with 


TABLE IIT, CORRELATION OF NONSPECIFIC CHOLINESTERASE VALUES WITH RESULTS OF 
CEPHALIN-CHOLESTEROL FLOCCULATION TEST 


» = 


i DEGREE OF POSITIVITY 0 14 24 34 1; 
a a ‘ Cirrhosis Cases 
Pseudocholines- Number of cases 6 y 8 10 9 
terase Mean 134 3] 29 29 21 
Stand. dev. 03 é05 06 06 04 
Range pee oes  f -20-.00 .20-.37 .18-.38 .15-.26 
All Cases 
Pseudocholines- Number of cases 36 1] 10 13 
terase Mean .40 ia on 30 24 
Stand, dev. Be i .10 06 06 O07 


Range .27-.65 .14-.50 .20-.40 .18-.38 15-.40 
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benign extrahepatic obstruction have normal values, in contradistinction to the 
low values in malignant obstruction, is important from the diagnostic standpoint. 

The low values characterizing the cases of malignant obstructive jaundice 
exclude the possibility of using this test alone to differentiate between this type 
of jaundice and parenchymal jaundice. In this particular problem, the relative 
normality of the other liver functional tests, together with history and physical 
findings, usually assists in pointing away from a primary diffuse hepatic disease. 

Regarding the interpretation of the low cholinesterase value in obstruction 
due to carcinoma of the pancreas or ampulla, it is questionable whether liver 
injury is responsible, since hepatocellular damage is relatively mild so far as 
can be determined by other methods. The possibility exists, however, that the 
duration of jaundice and degree of increase of intrabiliary pressure are the 
important factors. The latter, of course, is nearly always much greater with 
malignant than with benign obstruction. One of the two exceptions previously 
mentioned would be in accord with this concept, that is, a case of common duct 
stone with complete biliary obstruction and a low serum cholinesterase. 

In general the present data indicate the correlation of the cholinesterase 
values with the severity of the liver injury, and hence with prognosis. The 
lowest value in the hepatitis cases was in a very severe instance of hepatitis 
which progressed to an acute necrosis of the liver and death. It was of interest 
that in those cases of hepatic damage complicating an infectious mononucleosis, 
the values were rather close to the normal limit. This agrees with the common 
experience that liver injury in this disease is relatively mild. 

The reason for the peculiar behavior of the cholinesterase curve during 
early convalescence of hepatitis is not clear, The fact that the cholinesterase 
value transitorily attained a relatively normal peak early in convalescence in 
the four eases in which serial data were obtained appeared to indicate improve- 
ment and suggests that this peak in itself is an indication that the patient will 
recover. In the only fatal case of the series, as already referred to, no increase 
of serum cholinesterase was observed at any time. 

CONCLUSIONS 

The activity of nonspecific serum cholinesterase may be employed to good 
advantage as a measure of liver function. 

The simple potentiometric procedure is recommended. In the present study 
a slight modification of Michel’s method was used. 

The serum cholinesterase level is an aid to the differential diagnosis of jaun- 
dice, especially when considered in relation with other clinical and laboratory 
features, 

Serial determination of serum cholinesterase may be helpful in indicating 
prognosis and beginning recovery in cases of hepatitis. 

In the presence of a clear-cut picture of obstructive jaundice, values for 
cholinesterase of 0.30 or lower are highly suggestive of malignancy. 

The writer is indebted to Dr. C. J. Watson for advice and suggestions during the 
course of this study and preparation of the manuscript and to Dr, Leslie Zieve for the statis 
tical calculations. 
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INTERPRETATION OF FINDINGS IN THE CEREBROSPINAL FLUID 


IV. SyNDROME or NORMALITY 


Cari LANGE, M.D., AND JoHN K. Miuuer, M.D. 
ALBANY, N. Y. 


HE syndrome of normality consists of the values obtained with the five 

obligatory tests used in this laboratory on selected normal cerebrospinal 
fluids. For reasons to be discussed, previous methods of selection of presumably 
normal fluids have been inadequate and an objective method of determining nor- 
mality of spinal fluids, based on internal evidence, that is, the cerebrospinal 
fluid findings themselves, is presented. The importance of the syndrome lies in 
the control of neurosyphilis. 

METHODS 

The five examinations have been described elsewhere.1 They are: appearance, quan- 
titative and qualitative cell picture,2 the quantitative complement fixation test with 
cardiolipin antigen,3(@) total protein,3(>) and the quantitative colloidal gold reaction.2; 4, 5 

Evaluation of results and interpretation by syndromes® include integration of labo- 
ratory findings in blood and spinal fluid with the available clinical data; this is best illus- 
trated by the syndrome in multiple sclerosis.7 The syndrome of normality, unlike syn- 
dromes related to disease, disregards clinical data and the blood serology and consists only 
of the normal range of the five cerebrospinal examinations. 


RESULTS 

The results are based on cerebrospinal fluids obtained by lumbar puncture. 
Normal values of fluids from occipital puncture are slightly lower, but our 
material was insufficient for comparison. 

Selection of Normal Specimens.—Heretofore normal values were based on 
examination of cerebrospinal fluids from neurologically normal and serologically 
negative persons. However, in asymptomatic neurosyphilis, absence of neuro- 
logic signs and symptoms may be associated with marked abnormality of the 
cerebrospinal fluid. Inversely, in burnt-out tabes a normal fluid may be en- 
countered in the presence of specific neurologic abnormalities. A positive com- 
plement fixation test in the blood frequently is associated with a normal cerebro- 
spinal fluid and a negative rea¢tion may be encountered during active neuro- 
syphilis. Sinee normality of a cerebrospinal fluid cannot be predicted on the 
basis of clinical or serologic tests, an attempt has been made to base the selection 
of presumably normal cerebrospinal fluid on internal evidence, that is, the 
cerebrospinal fluid findings themselves were used to establish the normal ranges. 
Presumably normal values in one test were used in preliminary selection and the 
normal range of results of other examinations was determined by gradual ap- 
proximations. It is self-evident that normal cerebrospinal fluid must be clear 
and colorless and vive no reaction in the complement fixation test. In the ab- 
sence of abnormal types of cells, two mononuclear cells per cubic millimeter and 
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a total protein of 25 mg. per 100 ml. or less were considered normal. The normal 
colloidal gold reaction (Table I, serial No. 1) was a type A curve characterized 
by a sum total of up to 45 in the color values of the ten tubes with the maximum 
reaction located either in the 1:51 or 1:76 dilution of cerebrospinal fluid. 

Within the normal range of a single test, highly abnormal values may be ob- 
tained with one or more other tests. For example, a normal appearance is en- 
countered with highly abnormal findings in fluid from untreated paresis. No re- 
action in the complement fixatnon test on cerebrospinal fluid may be found even 
in active neurosyphilis, while it is the rule in nonsyphilitie diseases. The cell pic- 
ture alone is not a basis of selection because a normal cell count may be found 
with high total protein in subarachnoid block. In treated:paresis, the cell picture 
may become normal at a time when total protein, complement fixation test, and 
gold reaction still yield abnormal findings. However, results of the total pro- 
tein and colloidal gold reaction are more significant in the preliminary selection 
of normal cerebrospinal fluid because normal values with these two tests rarely 
are associated with marked abnormality with the other tests. A quantitatively 
normal total protein fails, of course, to indicate the qualitative alteration of the 
protein occurring in parenchymatous degeneration (Table I, Serial Nos. 4 to 6). 
This is depicted by the colloidal gold reaction. 

Gradual Approximations.—In the initial series of 500 specimens of clear, 
colorless cerebrospinal fluids yielding a negative complement fixation reaction, a 
cell count of 2 cells per cubic millimeter, and a total protein of 25 mg. per cent 
or less, the gold reactions showed that the upper limit of the sum total of the 
normal type A gold curve was not 45 as previously assumed, but 40, on the basis 
of the subsequently presented frequency distribution. 

Henee, a second series of 500 cerebrospinal fluids was selected on the new 
basis and the range of total protein was determined. The maximum value was 
30 mg. per cent, and not 25 mg. as previously assumed (Fig. 1). Values of the 
colloidal gold reaction were rechecked using the new maximum of 30 mg. per 
100 ml. of total protein and the results remained unchanged. 

Values for the normal cell counts were redetermined on 500 specimens with 
a total protein up to 30 mg. per cent and a gold curve with a sum total of 40 or 
less; cell counts were from 0/3 to 3/3 per cubic millimeter according to I'uchs- 
Rosenthal, that is, a maximum of one cell per cubic millimeter. The most fre- 
quent value (Fig. 1) was 1/3 per cubic millimeter. Normal values of the gold 
reaction and total protein were rechecked employing the corrected cell value; 
they remained practically the same. 

From this series of examinations, frequency distribution curves of normal 
number of cells and total protein concentration in 500 clear, colorless, seronega- 
tive cerebrospinal fluids with a sum total of 40 in the type A normal gold curve 
were made (Fig. 1). They demonstrate the normal, abnormal, and intermediate 
range. Similar curves of the normal range of the gold reaction were not de- 
veloped because its normality is based on more than one factor, as subsequently 
explained. 

Total Protein: Kighty-one per cent of the series had a total protein between 
16 and 30 mg. per cent—the assumed normal range. Values from 26 to 30 mg. 
per cent were so frequent that the change of the upper normal limit from 25 to 
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30 mg. per cent seems justified. Values above 40 mg. were so rare as to be con- 
sidered definitely abnormal. There is an intermediate range below 16 and above 
30 mg. per cent whose significance is indeterminate. Five per cent were below 
16 mg. per 100 ml., values that may be encountered in hydrocephalus. However, 
not all such (subnormal) values should be considered abnormal. Concentrations 
of from 31 to 40 mg. per 100 ml. are more frequently found associated with 
abnormal findings in other tests, but their significance depends on evaluation 
of all tests with the clinical data. It is emphasized again that normal total pro- 
tein may be associated with qualitatively abnormal protein detected by the gold 
reaction (Table I, Serial Nos. 4 to 6). 
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Fig. 1—Frequency distribution curves for cells and total protein of 500 presumably normal 
cerebrospinal fluids. 

Cell Picture: Eighty-six per cent of the cerebrospinal fluids had 3/3 mono- 
nuclear cells or less per cubic millimeter; 9/3 cells per cubic millimeter were not 
encountered and values of that or more are abnormal; 4/3 to 8/3 per cubic 
millimeter represents the intermediate (+) range. The curves in Fig. 1 were 
obtained from specimens received by mail. Therefore, a series of 100 freshly 
collected normal cerebrospinal fluids, according to the foregoing definition, was 
examined and the range of normal cell counts was 0/3 to 2/3 per cubic milli- 
meter or less than one cell per cubic millimeter. Two cells per cubic millimeter, 
which represents an ‘‘intermediate’’ value and not the upper limit of the ‘‘nor- 
mal’’ value, as previously assumed, were found in only 1 per cent of specimens. 
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Accordingly, deterioration of the cell picture in mailed normal cerebrospinal 
fluids seems negligible. However, the cell picture of strongly abnormal fluids 
may be markedly changed in transit, particularly, by autolysis of polymorpho- 
nuclear cells and by clumping of mononuclear cells. 


Normal Gold Curve Type A (Table I, Serial No. 1): The nonspecific gold 
reaction provides quantitative and qualitative information about the protein pat- 
tern. The quantitative differences consist in the over-all degree of coagulation, 
accurately expressed in the quantitative gold reaction by the sum total of the 
ten numerical color values. While quantitative differences are expressed by the 
strength of the curves, which are lowest, but not negative, in normal cerebro- 
spinal fluids, qualitative differences are indicated by the different profile of the 
curves. Essentially different profiles are represented by either peaked or 
plateau (flat) curves. Peaked or prezone curves exhibit a sharp maximum ; 
plateau curves, type D, the previously so-called ‘‘paretic curve,’’ exhibit the 
same, or almost the same, degree of coagulation over a more or less broad range 
of dilutions.* A second difference of profile is indicated by the location of the 
peak or plateau in different ranges of the serial cerebrospinal fluid dilutions.’ 
Without going into further details, the normal gold curve, type A, is a peaked 
curve of lowest strength and with a characteristic location of the maximum. 


1. In frequency distribution curves, 86 per cent of 500 otherwise normal 
cerebronspinal fluids had a sum total between 20 and 40, which represents the 
“normal range.’’ Values above 55, the abnormal range, were not encountered. 
Intermediate values ranged from 41 to 50 or 55. There is no sharp upper limit, 
because values between 50 and 55 were rather infrequent. Values below 20 were 
encountered in a very small per cent; these values frequently are associated with 
correspondingly low total protein values, less than 16 mg. per 100 milliliters. A 
certain per cent may be due to slight abnormality. 

2. The maximum reaction in 91 per cent was in one of the two dilutions 
1:51 or 1:76. In a small per cent the maximum was exhibited either in 1:34 or 
1:114. Gold curves with a sum total from 20 to 40 and such a slight ‘‘shift of 
the maximum’’ are provisionally designated as ‘‘atypical type A’’ (Table I, 
Serial No. 3). Such slight deviations of the maximum must be confirmed by 
duplication, because they may be due to unclean tubes. 


Two other factors are significant for recognizing slight deviations from 
complete normality. It was always known that the degree of coagulation must 
be low in the first dilution, 1:15. However, only frequency distribution curves 
gave evidence that in 95 per cent a fairly uniform distribution was found in 
the range of color values from 1.0 to 2.5; 2.5 and 3.0 were only sporadically 
encountered. No coagulation of degree 3.5 was found. This means that a gold 
curve is really normal only if the degree of coagulation in the first dilution is 
less than 3.5. 


In gold curves assumed to be normal, according to the preceding definition, 
the maximum was sharp, that is, restricted to one dilution in 83 per cent. In 
17 per cent the degree of coagulation was the same in two dilutions, but never 
in three. Accordingly, it was assumed that a ‘‘minimal plateau curve type D’’ 
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(Table I, Serial No. 6) is suggested if at least three dilutions exhibit the same 
maximum coagulation, irrespective of its degree, or of the sum total of the whole 
curve, or the location of the plateau. Such ‘‘minimal types D’’ are frequently 
encountered in the final stage of successfully treated paresis and are of particu- 
lar significance in the diagnosis of multiple sclerosis.” 

In summary, the normal gold curve, type A, is characterized by four fae- 
tors: (1) a sum total from 20 to 40; (2) the maximum at dilution 1:51 or 1:76; 
(3) the degree of coagulation in the first dilution does not exceed a color value 
of 3.0; (4) the absence of plateau. This normal gold curve, exactly defined 
and reproducible, obviously is of greater value in establishing normality than 
the ‘‘negative gold reaction’’ of current modifications? which is frequently 
encountered in markedly abnormal syndromes of the cerebrospinal fluid. 

Complement Fixation Test: With cardiolipin antigen, only two specimens 
in 500 otherwise normal cerebrospinal fluids gave any reaction, the titers being 
2 and 3 fifty per cent units respectively. Before the introduction of cardiolipin, 
titers up to 5 were slightly more frequent in otherwise normal fluids. In order 
to show the superiority of the gold reaction in the preliminary selection of pre- 
sumably normal cerebrospinal fluids, a series of 500 specimens was selected only 
on the basis of a normal type A gold curve; no definitely positive complement 
fixation was encountered. Likewise, the other tests never yielded a significantly 
abnormal result. Contrary to the normal gold curve no ‘‘normal value’’ of any 
other test is able to rule out marked abnormalities in the syndrome. 

The results of the five obligatory examinations of cerebrospinal fluids se- 
lected in the deseribed manner are summarized in Table IT and their combined 
normal ranges constitute the syndrome of normality. 


TaBLE If. Resuurs or Five OBLIGATORY CEREBROSPINAL FLUID TESTS 


| VALUES LYING WITHIN 


NEGATIVE/NORMAL DEFINITELY 
EXAMINATION RANGE INTERMEDIATE ABNORMAL 
Appearance Clear, colorless (Absent ) Color from yellow 


tinge to red, cloudi- 
ness, fibrin 


Cell count: mono- 0/3-3/3 (2/37) $/3-8/3 9/3 or more; abnor- 
nuclear cells per | mal cell forms 
¢.mm. | 

. | m 

Total protein concen- | 16-50 | 31-40 41 (-45) or more 
tration (mg, per 
100 ml.) 

Quantitative comple- | Ratio 1 Ratio 2-3 Ratios 5 or above 
ment fixation test (—5?) | 


for syphilis in 
cerebrospinal fluid 


Quantitative gold Type A (normal gold | Type A/B, inter- Type Bt, sum total 
reaction curve) Sum total mediate between A above 55; types 
20-40% and B, Sum total and [ID 


$1-50 (55?) 


*Other characteristics of type A (see text). 

+Type B, encountered in etiologically different conditions, is mainly quantitatively, ab- 
normal. Types C and D are definitely abnormal, indicating qualitative abnormalities of the 
protein pattern, corresponding to qualitatively abnormal cell forms (polymorphonuclear cells. 
plasma cells). : 
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Near-Normal Syndromes: The intermediate ranges of values of the obliga- 
tory tests are found in ‘‘near-normal’’ syndromes which are important beeause 
the use of current modifications and the usual interpretation of their findings 
result in confusion with true normality. 

Table I, Serial No. 2, shows “intermediate” values of cell count, total pro- 
tein, and gold reaction of a cerebrospinal fluid in early secondary syphilis, in 
which deviations from normality are almost invariably noted. A prognosis with 
such near-normal syndromes is not possible without follow-up. They may denote 
transient invasion of the central nervous system or may change into parenchy- 
matous neurosyphilis within a few months. For this reason, in early syphilis, 
before therapy, cerebrospinal fluid should not be collected except under special 
indications. 

In the case of mastoiditis, Table I, Serial No. 3, the gold reaction represents 
an ‘‘atypical type A’’ suggesting an intermediate form between type A and 
type C. This slight but definite abnormality as confirmed by the cell picture is 
caused by minimum exudative inflammation. It may disappear or change into 
the picture of a purulent meningitis. 

Table I, Serial No. 4, shows a residual of adequately treated paresis. Al- 
though the pretreatment total protein of 153 mg. per cent has dropped to nor- 
mal, a weak type D gold curve indicates that qualitatively the protein is still 
abnormal. The significance of the intermediate titer of complement fixation 
differs depending on its association with a normal syndrome or with a type D 
curve. Such near normal syndromes, as a rule, do not relapse but become nor- 
mal without further therapy. 

Similar syndromes with normal protein concentration encountered in mul- 
tiple sclerosis are noted in Serial Nos. 5 and 6 of Table I. The minimum type D 
curve, detectable only with the quantitative gold reaction, indicates parenchy- 
matous degeneration. 

DISCUSSION 


Practical Significance of the Syndrome of Normality.—The syndrome of 
normality indicates quantitative and qualitative normality of the cells and pro- 
tein of the cerebrospinal fluid, data of considerable diagnostic significance. Ab- 
normalities of the cell picture denote inflammation in meninges and perivascular 
spaces. Exudative forms with abnormal vascular permeability are indicated by 
the presence of granulocytes and fibrin. A normal cell picture rules out inflam- 
mation. -Nonexudative inflammation in which mononuclear cells appear in the 
cerebrospinal fluid where they are lysed gives type A/B or B curves with moder- 
ate increases in total protein. Hematogenous protein in cerebrospinal fluid re- 
sults in a type C curve. It may be produced by mechanical transudation in sub- 
arachnoid block, exudative inflammation in bacterial meningitis, or acute stages 
of neurosyphilis. The type D curve seen in parenchymatous degeneration is due 
to increased gamma globulin of intrameningeal origin. While syphilitic anti- 
hodies are detected only by specific tests, a quantitatively and qualitatively nor- 
mal protein pattern rules out the appearance of positive serology in the cerebro- 
spinal fluid. 
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Thus, the syndrome of normality excludes meningeal inflammation, includ- 
ing that associated with active neurosyphilis, the influx of hematogenous protein, 
and parenchymatous degeneration in the central nervous system. The syndrome 
is of therapeutic value in demonstration of cure or arrest of treated neuro- 
syphilis. It is of prognostic significance because parenchymatous neurosyphilis 
(paretic formula) has not been observed to develop when the syndrome of nor- 
mality was obtained within one and one-half to two years after infection. 


SUMMARY 


An objective method of selection of 500 ‘‘normal’’ cerebrospinal fluids sub- 
mitted by mail and the results of their examination by five tests obligatory in 
the control of neurosyphilis are described. The five examinations and the find- 
ings in these normal fluids are as follows: appearance, clear and colorless; com- 
plement fixation tests, no reaction; total cell count, 0/3 to 3/3 cells per cubic 
millimeter; total protein by turbidimetric methods, 16 to 30 mg. per 100 m1.; 
and quantitative colloidal gold reaction, type A curve. The syndrome of nor- 
mality cannot be established without satisfactory methods of selection of normal 
cerebrospinal fluids and a quantitative standardized colloidal gold test with 
which a type A curve is obtained with normal fluid and which is not to be con- 
fused with the ‘‘negative’’ gold reaction obtained with unsatisfactory qualitative 
tests. 
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BEET SENSITIVITY: ALLERGIC REACTIONS FROM THE 
INGESTION OF BEET SUGAR (SUCROSE) AND 
MONOSODIUM GLUTAMATE OF 
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THERON G. RANDOLPH, M.D.,* anp JOHN P. Rouuins, M.D.+{ 
CuicaGco, IL. 


UKE! was the first to describe sensitivity to beet sugar although sensitivity 

to beets as a vegetable has long been recognized. In more recent years 
numerous cases of beet sensitivity in which the ingestion of beet sugar has 
resulted in allergic symptoms have been noted also by Rinkel’ and Zindler.* 

The fact that other crystalline sugars* © * are known to produce allergic 
symptoms warrants an investigation of the probable allergenicity of beet 
sugar. Another factor favoring such a study is the relative frequency with 
which beet sugar is used, for it is generally known that the incidence of 
specific sensitivity to foods is closely related to the incidence of such foods in 
the dietary.’ 

Beet sugar is the principal source of granulated sugar used in certain wide 
geographic regions of this country, particularly in the areas in which beet 
sugar mills are located and in regions relatively far removed from cane re- 
fineries or otherwise inaccessible to water transportation therefrom. In gen- 
eral this would include the entire western half of the United States and to 
some extent the north central states, particularly Michigan, Minnesota, and 
Wisconsin. 

In recent years beet sugar has been favored by manufacturers of proc- 
essed foods not only in the regions mentioned but elsewhere in view of the 
favorable price differential as compared with cane sugar. The current wide- 
spread use of beet sugar in food processing makes it probable that most in- 
dividuals in this country are receiving some beet sugar daily, frequently sev- 
eral times daily. 

Another source of exposure to beet is the rapidly increasing use of mono- 
sodium glutamate,® a so-called chemical condiment derived either from beets, 
wheat, corn or soy bean, incorporated into many processed foods as well as 
being added directly to various foodstuffs in their preparation in public eat- 
ing places as well as in the home. It is most commonly employed to accentu- 
ate meat flavors in soups, chowders, and bouillons, sauces, gravies, canapés, 
Salads, creamed dishes, and cheese dishes and is added directly to vegetables, 
meats, poultry, game, and fish. 

The detection of the presence of a specific monosodium glutamate in a 
prepared food is exceedingly difficult because of the reluctance of cooks to 
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admit that they have used such an agent and the difficulty to ascertain 
whether the product used might have been derived from beets or one of the 


other sources from which this material is made. The latter is particularly 


true in the usual absence of specific food sources on the labels of these com- 
mercial products. 
CASE REPORTS 

The following are examples of beet sensitivity. 

F, A., a college mathematics professor, aged 43, had been subject to perennial nasal 
allergy since adolescence, During the past fifteen years he had also complained of chronic 
fatigue and intermittent bilateral frontal headaches. The fatigue syndrome in his case was 
characterized by mental confusion, impairment of memory, and a certain degre of aphasia 
which materially interfered with his teaching in the mid- and late afternoons. In addition 
he had also been subject to troublesome backaches for the past decade which usually awakened 
him between two and four in the morning. Superimposed on chronic symptoms of this type 
were acute episodes of very severe cramping pains in the leg muscles to the point that it was 
exceedingly difficult ot walk. In 1945 he was diagnosed as having a ruptured intervertebral 
dise for which a spinal fusion was performed. Although the back symptoms were improved 
following this operation, he reported accentuation of his residual chronic back and leg symp- 
toms coincident with each recurrence of soreness, scratchiness, and irritation of his throat. 
Beginning a few months prior to the operation he also reported drawing, pulling pains across 
the upper back and shoulders and bouts of acute torticollis on a few occasions. He commonly 
reported feeling sore and stiff in all muscles on awakening in the morning. 

He was found to be dust sensitive on the basis of intradermal tests, but dust therapy 
failed to alter the course of the symptoms. There was no other evidence of inhalant sensi- 
tivity. 

During the third day of wheat avoidance in preparation for an individual food test with 
wheat he reported an improvement in the nasal symptoms and fatigue; the experimental feed- 
ing of wheat was followed by the development of a frontal headache associated with pulling, 
drawing, and tautness of the posterior cervical muscles and the delayed development of an 
acute lower backache. Tests with corn and eggs were followed by similar but less severe symp- 
toms. Test ingestion of lettuce was followed by the development of a headache three hours 
after the meal. Potatoes were associated with the precipitation of a severe headache, ab- 
dominal pains, and excessive belching. Reactions of lesser degree followed the individual test 
ingestion of oats, rice, pork, orange, and tomatoes, Tests with several other major foods were 
compatible. At this point the chronic symptoms were materially relieved but the patient still 
complained of localized and generalized muscle symptoms, some fatigue, and mental symptoms. 

In checking his food diary it was learned that he had awakened two or three times 
nightly with backache whenever he had eaten beets; this agreed with the childhood history of 
vomiting after spinach and severe headaches following the ingestion of Swiss chard, members 
of the same botanical family. 

He was prepared for an individual food test with beet sugar by the avoidance of all 
beets and beet sugar for a period of four days prior to the experimental ingestion of 75 Gm. 
of beet sugar. Fifty minutes later he reported the gradual onset of pressure in the frontal 
area of the head, tautness of the posterior cervical muscles, and heartburn. As the headache 
became accentuated he developed severe abdominal cramps and flushing of the face. He re- 
mained unusually fatigued for the following two days. With the avoidance of beets and com- 
mercially sweetened foods containing beet sugar he reported marked and sustained improve 
ment in the remainder of the chronic symptoms. The patient slept more soundly at night and 
was able to sleep on his abdomen for the first time since the spinal fusion. He noted that he 
was much less restless than formerly, being able to sit in his chair for long periods of time 
without discomfort or the necessity of frequently changing his position, that he had what 
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he considered a normal amount of energy, and that he was much more alert mentally, which 
reflected itself in greater degrees of lucidity and ease of expression than he had enjoyed in 
several years. At the time of his last visit, a year after the diagnosis of beet sensitivity, he was 
actively engaged in a research project in addition to his full-time teaching position. 

The patient remained highly sensitive to beets, either in the forms of beets as such or 
beet sugar. On several occasions the accidental ingestion of beet sugar was followed by a 
precipitation of fatigue, headache, myalgia, and mental confusion. 

At this time he volunteered for testing the effect of monosodium glutamate, a chemical 
condiment prepared from Steffen’s waste, a beet residue following the extraction of the sugar. 
After the ingestion of one teaspoon of the powder dissolved in a glass of water, he developed 
« frontal headache which became progressively more severe for two hours. The following 
morning he awakened with marked stiffness of the neck, shoulders, and lower back and re- 
mained lame, stiff, and tired for the rest of that day. He noticed residual fatigue and mental 
confusion the second day and then remained symptom free. A control test with monosodium 
glutamate prepared by the same company* but derived from wheat was not associated with 
reactive symptoms. At the time of this test, wheat had been excluded from the diet for a 
year and the patient was known to have a tolerance for an occasional feeding of wheat. The 
patient was unaware whether he was receiving the wheat or the beet preparation at the time of 
the tests. 


R. C., a housewife, aged 42, had been subject to intermittent hives for the past ten 
years prior to her initial visit in March, 1948, Although she had had attacks of urticaria at 
any time of the year, her symptoms were much more troublesome from the fourth of July to 
Labor Day. In the last year, however, this seasonal incidence had changed and she had con- 
tinued to have daily chronic urticaria throughout the winter. 

She had known that the ingestion of clams was followed by pruritus and swelling of the 
buccal mucous membranes, nasal stuffiness, and lacrimation. Other foods were not suspected. 

There were no abnormalities of the physical examination except for the typical urti- 
‘arial plaque lesions. Skin tests with inhalants were negative except for a borderline re- 
action to house dust, but specific therapy with dust failed to alter the course of the symptoms. 

The patient was studied for specific food allergy by means of individual food tests. 
The experimental ingestion of wheat, corn, milk, egg, and tomato was not associated with 
reactive symptoms. <A similar test with potato was followed by the development of a severe 
headache beginning ten minutes after the initial feeding and became associated with marked 
fatigue and pulling and drawing sensations of the posterior cervical muscles. One hour after 
the test ingestion of coffee the patient developed tenseness and nausea, followed shortly by the 
onset of severe generalized urticaria which persisted for four days, whereas for a few days 
prior to this test she had been having only mild, intermittent hives. 

Although the avoidance of potato and coffee were helpful, this plan did not relieve the 
chronic urticaria and neither did various elimination diets tried successively at this juncture. 

The additional history then became available that the hives had been present only since 
the patient began spending the summers in Michigan, and until the past year the hives had 
subsided upon her return to Chicago. This immediately aroused the suspicion of beet sensi- 
tivity inasmuch as this appears to be more common in Michigan than in Illinois because of 
the wider use of beet sugar in Michigan. Then the additional pertinent fact came to light 
that during the war she had bought a large supply of Michigan beet sugar and had used it 
exclusively each summer. Furthermore, in returning to Chicago in the fall of 1947 she had 
brought the remainder of. this sugar with her and had continued using from it for several 
months, Upon the exhaustion of this source of supply she had purchased additional beet sugar 
in the local market, 

The patient was tested with beets and beet sugar after four days of avoidance and de- 
veloped a sharp recurrence of urticaria one-half hour following the second feeding which 
persisted for the following two days. 





‘ *Samples were furnished through the courtesy of International Minerals and Chemical 
Corporation, Chicago, Ill. 
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She then remained free of urticaria and other allergic symptoms except for an occa- 
sional recurrence following meals away from her own home. However, continual urticaria 
again developed in the spring of 1949 coincident with the onset of the golf season. She 
played golf on the average of four or five days a week and always drank an ‘‘old fashioned ’’ 
after her game. It then occurred to her to investigate the type of sugar used in the bar. 
Finding that beet sugar had been used exclusively, henceforth she had her drinks made with 
cane sugar and the urticaria ceased at the end of three days. She also learned from experience 
that she was able to tolerate the bakery products from one neighborhood bakery and not from 
another; inquiry led to the fact that cane sugar was used routinely in the former and beet 
sugar in the latter. 

Upon another occasion she was fed experimentally one-half teaspoonful of monosodium 
glutamate of beet origin in a half glass of water (at the time of the test she was unaware 
whether she was receiving monosodium glutamate of beet, wheat, or corn origin). Ten min- 
utes later she noticed a sense of pressure in her temples, followed shortly by extreme weak- 
ness and faintness which persisted for an hour. Intense erythema and pruritus of the skin 
about the eyes, anterior neck, and upper back developed at eighty minutes; scratching was 
foliowed by urticarial lesions. At the end of two hours the patient was observed to have gen- 
eralized urticaria of the entire upper part of the body; this persisted and spread to involve 
the entire body during the night of the test. Three days were required for this attack to 
subside. A similar amount of monosodium glutamate of corn* and of wheat origin was not 
followed by urticaria or other symptoms. 


L. T., a housewife, aged 32, had been subject to intermittent eczema and ragweed hay 
fever since childhood; the latter had been complicated by seasonal bronchial asthma in re- 
cent years. She also complained of intermittent stiffness and aching of the posterior neck 
muscles, frequently followed by dizziness and generalized headaches. There had also been 
intermittent bouts of burning and smarting on urination, swelling and soreness of the knees 
and finger joints, and a chronic degree of fatigue, all of which had failed to respond to var- 
ious types of treatment 

On examination the patient had an erythematous scaly eruption of several fingers, a 
fusiform enlargement of the mid-finger of her right hand with edema and discoloration of 
the skin of the infraorbital areas. 

She was found highly sensitive to corn, wheat, and beets on the basis of individual food 
tests; the corn reaction consisted of excessive gas and belching with pronounced clearing of 
the throat beginning at forty minutes, followed by flushing of the face, somnolence, and the 
development of a severe headache. The wheat test was followed by the development of transi- 
tory tightness of the chest, somnolence, and marked flushing of the face beginning twenty 
minutes after the initial feeding. Difficulty in focusing her eyes, extreme fatigue, and 
nervousness persisted for the remainder of the day. Beet sensitivity was suspected on the 
basis of an acute reaction following the ingestion of beets as determined from evidence from 
her food diary and the fact that she had been using beet sugar exclusively for the past two 
years. An individual food test with beets was followed by somnolence beginning at twenty 
minutes and a severe frontal and occipital headache at sixty minutes which persisted for the 
remainder of the day. The following morning she passed several diarrheic stools and there 
was a definite flare of the dermatitis of her hands, they being more pruritic and erythematous 
than any time in several recent days. The patient also developed a port wine colored urine 


the morning after eating beets. 

She was then fed 50 Gm. of beet sugar after not having eaten any type of beet product 
for several days; this was followed by sleepiness at five minutes which interfered with her 
ability to read comprehendingly. She complained of feeling nervous and tense and particu: 
larly of restlessness of her legs. Associated with the leg symptoms was a sensation of tight- 
ness and stiffness of the knee joints and the desire alternately to flex and extend the knees. 





*Furnished through the courtesy of A. E. Staley Mfg. Co., Decatur, IIl. 
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With the complete avoidance of beets the patient noticed relief of her formerly trouble- 
some arthritis in that she remained free of the stiffness and soreness of her knees and finger 


joints and was able to move them painlessly through their full range of motion. 

The dermatitis of her hands flared from contact with cornstarch in ironing or with 
wheat flour in the course of baking. It is interesting, however, that she was able to iron with- 
out an accentuation of the dermatitis if she used arrowroot starch in place of cornstarch or 
if she only inhaled the fumes of baking wheat-containing products and avoided direct contact 
of her hands with uncooked flour. 

Because of the exceedingly high degree of specific sensitivity to corn and beets in this 
patient and the fact that the ingestion of either corn sugar (glucose or dextrose) or beet 
sugar (sucrose) caused an immediate accentuation of her symptoms, she was fed experi- 
mentally 50.0 Gm. of alpha D glucose* prepared from beet sucrose with the understanding 
that the source material was cane sugar. As she had tolerated the ingestion of cane sugar 
over a period of many months without any suspicion of specific sensitivity, she did not expect 
a reaction from this test. Much to her surprise, however, she developed a dull frontal head- 
ache within five minutes after the second serving of 25.0 Gm. of this material. Within the 
following hour her headache became progressively more severe and within the second hour 
she developed anorexia, nausea, and considerable bloating. She remained extremely fatigued 
and ‘‘generally upset’’ for the following two days. The type of reaction that she experienced 
prompted her to accuse us of feeding her best sugar. 

On another occasion she was fed experimentally an ‘‘unknown’’ preparation having 
a salty taste, actually one-half teaspoonful of monosodium glutamate of beet origin in one-half 
glass of water. She complained of itching of the anterior neck and upper chest between eight 
and ten minutes after the test feeding. The pruritus spread rapidly to involve the entire neck, 
being particularly intense about the hair line, and the sites of the previous dermatitis of her 
fingers. Coincident with the onset of the pruritus she complained of a sharp pressure in the 
frontal and occipital areas of her head followed immediately by an intense, throbbing, gen- 
eralized headache. At fifteen minutes she noted an inability to focus her eyes and for the 
following half hour was unable to read or to see objects clearly. She complained of mild ab- 
dominal cramps and nausea beginning at forty-five minutes which persisted for the following 
ten minutes. The intense headache as well as the blurring of vision had subsided sufficiently 
at sixty minutes that she was able to read ordinary print. She remained subject to palpita- 
tion on exertion and extreme fatigue for the remainder of the day. In retrospect, she likened 
the early phase of this reaction to the constitutional symptoms she had previously experienced 
from hay fever therapy, making the statement, ‘‘You know, it was the same type of im- 
mediate reaction that I get from a hay fever shot that subsequently developed into a severe 
reaction. ’’ 

With the avoidance of incriminated foods the patient has had complete relief of her 
formerly troublesome allergic symptoms with the exception of ragweed hay fever. She re- 
fused specific therapy with ragweed extract in view of the repeated severe constitutional 
reactions that she had formerly experienced in this connection. She also refused to be tested 
with further unknown solutions and then specifically with monosodium glutamate of wheat 
and of corn origin when the nature of these proposed tests were explained to her. It is of 
interest that the detection of beet sensitivity and the avoidance of foods containing beet sugar 
completed her specific food diagnosis. 


M. A., a 38-year-old woman, had been subject to chronic nasal symptoms, intermittent 
canker sores, and frequent severe incapacitating headaches all her life. The headaches were 
generalized in location, associated with pulling, drawing, and marked tenderness of the pos- 
terior cervical muscles, and commonly with nausea and vomiting. In addition she remained 
subject to marked fatigue, considerable irritability and nervousness, and a dull constant type 
of headache persisting between the more acute and incapacitating episodes of head pain. 





*Prepared through the courtesy of Dr. Robert C. Hockett, Research Director, Sugar Re- 
Search Foundation, New York City, N. Y. 
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Although she had suspected several minor foods of bringing on headaches and other 
allergic symptoms, their complete avoidance had failed to bring about a significant degree 
of relief. 

When first seen in 1947 she was found to be moderately dust sensitive, but each of three 
attempts to measure her degree of house dust allergy by testing with serial intradermal doses 
in accordance with a previously described technique®, 1° resulted in immediate nasal stuffiness 
followed in one-half hour by the development of a headache. House dust therapy at very 
low levels was moderately effective in controlling her nasal symptoms but did not change the 
course of the headaches, fatigue, or myalgia. 

As a result of performing individual food tests with several major foods she was found 
highly sensitive to potato, developing a very severe headache immediately following this test. 

On a program of dust avoidance, specific low level therapy with house dust extract and 
the elimination of potatoes and other minor incriminated foods she remained free of trouble- 
some symptoms until April, 1949. At this time she developed an attack of bronchitis after 
massive dust exposure. Intractable coughing persisted during the following four months in 
spite of repeated efforts to diagnose specific allergic reactions and various types of medica- 
tions, including oft-repeated doses of Demerol and other opiates. The patient frequently lost 
consciousness in the more violent attack of coughing. 

All sources of beet and cane were avoided simultaneously in preparation for individual 
food tests. Her coughing ceased for the first time in several months for twenty-four hours 
prior to the beet test. Kighteen minutes after the ingestion of 20 Gm. of granulated beet 
sugar the patient developed a severe paroxysm of coughing associated with generalized chill- 
ing and followed by the onset of nausea and a very severe headache. The coughing became 
progressively more severe during the following half hour and she passed into a state of semi- 
consciousness. Although it was possible to arouse her from the stupor, she subsequently had 
no recollection of the experience. Intractable coughing and headache persisted for the fol- 
lowing three days and required massive doses of opiates and antihistaminics for partial relief. 
A similar but somewhat less severe clinical reaction followed the experimental ingestion of 
cane sugar. 

With the avoidance of beet and cane in addition to other foods, the patient remained 
free of headaches and coughing for the following week. 

She was then discharged from the hospital during the height of the ragweed pollenating 
season and drove a distance of 150 miles to her home. Midway on this trip she developed 
her initial attack of ragweed pollinosis and for the following week continued to have very 
severe hay fever although she remained relatively free of coughing and headache. She was 
then rehospitalized, and according to attendant nurses, sneezed, sniffled, or coughed a total of 
640 times in a twenty-four-hour period prior to the administration of adrenocorticotropic hor- 
mone (ACTH, Armour). This aspect of her case has been reported elsewhere.!! Suffice it 
to say that the hay fever and all other allergic symptoms completely subsided within twenty- 
four hours after the patient received the first dose of ACTH. She received a total of 125.0 
mg. in five divided doses given at six-hour intervals. 

Two weeks following the initial beet test, at a time when the patient was completely 
free of allergic symptoms, an individual food test with beet sugar was repeated and was not 
associated with reactive symptoms. The cane test was repeated similarly and tolerated. She 
was then returned to a general diet and continued on such for the following four months 
without developing any of her formerly troublesome allergic manifestations. The only other 
medication that the patient received during this interim was a continuation of the main- 
tenance dose of estrogen that she had been receiving for many months prior to the diagnostic 
allergy studies and initial course of ACTH. However, this patient had a recurrence of al- 
lergic manifestations following massive dust exposure four months after the initial therapy 
with ACTH and again responded with symptomatic relief after additional therapy with ACTH. 
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DISCUSSION 


Beet sensitivity is not an uncommon cause of chronic allergic symptoms. 
Although there is some reason to believe that beet allergy occurs most fre- 
quently in areas where beet sugar is used predominately, it should be pointed 
out that the use of beet sugar is more widespread than is commonly believed 
as it is employed in the preparation of commercially processed foods which 
have a national market. It is significant that beet sugar carries sufficient 
allergenicity to cause symptoms in many beet-sensitive patients. 


In addition to beets as a vegetable and sugar derived from beets, an- 
other source of exposure to beet is the use of monosodium glutamate employed 
as a condiment or seasoning agent, some of which is derived from the protein- 
containing waste of beet sugar mills. A similar product from the chemical 
standpoint is manufactured from wheat, another from corn, and probably a 
smaller amount from soy beans. Samples of monosodium glutamate of beet, 
corn, and wheat origin have been shown to cause allergic symptoms in at least 
certain patients possessing high degrees of specific sensitivity to these foods. 
The amount of wheat monosodium glutamate ordinarily added to a steak has 
been incriminated as a cause of allergic symptoms in a few wheat-sensitive 
individuals. A steak of similar size and eaten under similar test conditions 
but prepared without the addition of wheat monosodium glutamate has not 
been followed by reactive symptoms in these individuals. Thus far we have 
not encountered detectable clinical reactions in beet-sensitive patients from 
the amount of monosodium glutamate of beet origin ordinarily added to a 
steak in the process of preparing it. Neither have 900 mg. of beet monosodium 
glutamate, the amount which may be added to a steak for instance, been fol- 
lowed by detectable symptoms when this amount is deliberately added to meat 
and fed ‘‘blindly’’ to a known beet-sensitive individual. This amount has 
recently been tested in three additional highly beet-sensitive individuals. How- 
ever, as there is no doubt that larger amounts of monosodium glutamate of 
beet origin are capable of eliciting detectable reactions when added to water 
and ingested by certain beet-sensitive patients, the possibility that accidental 
exposures of this type in smaller amounts might be a cause of symptoms in 
certain individuals should be kept in mind. 

The study of this problem has been handicapped by the failure of manu- 
facturers to indicate the source materials employed in the manufacture of 
monosodium glutamate. Until this question can be answered, the absolute 
avoidance of beets in preparation for individual food tests should attempt 
to eliminate this possible source of contamination. The same holds for the 
avoidance of wheat, corn, and soy beans. 

Similarly, the failure of federal labeling regulations to differentiate the 
types of sugar employed in processed foods, that is whether it is of beet, cane, 
or corn origin, is a further serious handicap to the allergist engaged in the 
problem of making specific food diagnoses. It is a particularly vexing prob- 
lem for the allergic individual who happens to be sensitive to one or more of 
these specific sugars when he is unable to determine by the information on the 
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label of a given product whether it contains one or more of these particular 
sugars which he is attempting to avoid. This point of view has recently been 
presented before the Public Hearings of the Food and Drug Administration in 
respect to the Proposed Standards of Identity of Breads and Related Foods.” 

Likewise, the utter lack of labeling regulations pertaining to the deelara- 
tion of the specific food agents employed in the manufacture of various types 
of aleoholic¢ spirits entails further difficulties for the beet-sensitive patient in 
view of the widespread preference for beet sugar in the preparation of liquors, 
cordials, and other rectified spirits. Beet sugar is preferred in this connec- 
tion because, as a rule, it has a lower content of dextrans or polysaccharide 
contaminations which precipitate in the presence of aleohol. Cane sugar, cr- 
dinarily higher in dextran content,’* tends to result in the development of 
slight turbidity when mixed with alcoholic spirits. Incidentally, beet sugar 
in the presence of alcohol seems to be particularly effective in producing the 
symptoms of beet sensitivity. 

Several beet-sensitive patients have been observed to develop antho- 
cyaninuria (vegetable pigments in urine) following the ingestion of beets. 
This confirms Zindler’s™ original observations of the frequency of beet pig- 
ments in the urine when beets are ingested by specifically sensitive allergic 
individuals. 

Any of the various types of allergic manifestations may result from beet 
sensitivity ; these include not only asthma, rhinitis, urticaria, atopic dermati- 
tis, headache, and gastrointestinal symptoms but also allergic myalgia,’ 
fatigue,'” '* and certain mental symptoms of allergic origin.?® The latter 
manifestations were illustrated in several of the case histories of this presenta- 
tion. Kor reasons not yet apparent, refined sugars of beet or cane origin seem 
to be particularly effective in producing these constitutional symptoms of al- 
lergie etiology in specifically sensitized individuals. 


SUMMARY 


Clinical evidence bearing on the significance of beet sensitivity is presented. 
Specific symptoms in beet-sensitive individuals not only develop from the in- 
gestion of beet as a vegetable but also occur from eating granulated beet sugar 
and large experimental doses of monosodium glutamate of beet origin prepared 
from the waste of sugar beet processing mills. 

The widespread use of products derived from beets, particularly beet sugar, 
and inexact labeling regulations pertaining to commercially processed fooas, 
aleoholie beverages, and pharmaceutical preparations makes the specific evoid- 
ance of beets a difficult task for the individual who happens to be spccifically 
sensitive to beets. 
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THE PROBLEM OF ASPIRIN ALLERGY WITH A REPORT ON SKIN 
TESTING WITH SALICYLATE-CONTAINING HUMAN SERA 


KENNETH P. Matuews, M.D., Ropert G. LovELL, M.D., AND 
JOHN M. SHELDON, M.D. 
ANN Arbor, MICH. 


T IS well known that certain individuals in the allergic population exhibit 

hypersensitivity to aspirin. Such reactions almost never oceur in non- 
atopic persons,’ and aspirin-sensitive individuals may be able to tolerate sal- 
icylates other than acetylsalicylic acid. The most common manifestations of 
aspirin allergy are asthma, urticaria and angioneurotic edema, other skin 
eruptions, rhinitis, gastrointestinal symptoms, and purpura. Cases have been 
recorded of cardiac abnormalities® * and agranulocytosis* possibly due to 
aspirin hypersensitivity. Sometimes a reaction to aspirin is the first man- 
ifestation of allergy noted by the patient, but more often aspirin hypersensi- 
tivity is acquired during the course of allergic disease primarily due to other 
causes. 

The problem of allergy to aspirin merits more attention than usually is 
accorded it for several reasons. In the first place, allergic reactions to aspirin, 
particularly those of an asthmatic type, may be extremely severe and pro- 
longed. Symptoms usually appear within ten minutes to two hours (most 
often twenty or thirty minutes) after the ingestion of aspirin and last for 
hours, days, or even weeks. Loss of consciousness during an attack of asthma 
always should be considered highly suggestive of an allergic reaction to as- 
pirin. At least six deaths from aspirin hypersensitivity have been reported in 
the literature,®> and no doubt there are others which have not been reported. 
Second, the total incidence of aspirin hypersensitivity is appreciable. Esti- 
mates of the incidence of aspirin allergy among allergic patients range from 
0.2 per cent® to 10 per cent,’ the former figure probably being more nearly 
correct. Fourteen patients with aspirin hypersensitivity have been seen in the 
allergy clinic of the University Hospital during the past thirteen months. 
Finally, asthmatic patients allergic to aspirin generally have a poor prognosis. 

In 1928 van Leeuwen’ pointed out that aspirin-sensitive asthmatic patients 
seem to constitute a special group. More recently, analyses of significantly 
large series of aspirin-sensitive patients by Prickman and Buchstein’ and by 
Friedlaender and Feinberg® have defined more sharply the characteristics of 
this special group. These characteristics include onset in middle life, pre- 
ponderance of female patients, frequently an associated vasomotor rhinitis 
(89 per cent), a high incidence of nasal polyps (46 per cent), completely neg- 
ative skin tests (60 per cent), a high incidence of familial allergy (63 per cent), 
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emphysema (50 per cent), eosinophilia, allergy to other drugs (28 to 48 per 
cent), and a poor prognosis. So impressive is the high incidence of nasal 
polyps that it has been suggested that aspirin should not be given to asthmatic 
patients having nasal polyps.!. It was noted incidentally that our eleven 
aspirin-sensitive asthmatic patients who were the subjects of the tests herein 
deseribed quite well confirm the previously-mentioned group characteristics : 
73 per cent were between 30 and 60 years of age, 63 per cent were female, 45 
per cent had nasal polyps, 45 per cent had essentially negative skin tests, 73 
per cent had emphysema, four of seven had significant eosinophilia, and six 
of ten have continued to do poorly in spite of our best efforts. 


Because of the importance of aspirin allergy, the desirability of an ac- 
curate and safe diagnostic test is obvious. It is well known, however, that 
the usual scratch and intradermal tests are generally of no value in the diag- 
nosis of allergy to most drugs, including aspirin. Occasionally positive re- 
sults have been reported in patients exhibiting urticaria from aspirin,» ° but 
the tests have been uniformly negative in asthmatic patients. Furthermore, 
in spite of the negative reactions, such tests often rapidly induce severe asthma 
and thus should be discouraged. Patch tests and passive transfer (Prausnitz- 
Kistner) tests also are negative.’° One report’! of passive anaphylaxis to 
salicylates being induced in animals has not been confirmed. Duke’ has pro- 
posed a test in which the patient places a small granule of aspirin on the 
tongue and moves it about in his mouth. If he is hypersensitive to aspirin, al- 
lergie symptoms may be precipitated in one minute. The attack usually can 
be aborted by rinsing out the mouth with a dilute solution of vinegar (which 
reduces absorption of any remaining traces of aspirin). This test probably 
is not entirely without danger, however, and it was proposed more for use in 
asthmatic patients who cannot reeall taking aspirin than for use where aspirin 
hypersensitivity is suspected. Hence, it can safely be said that there is at 
present no very satisfactory diagnostic test for aspirin hypersensitivity. 

The urgent need for a suitable test for aspirin allergy has been under- 
scored by the intriguing suggestion of Friedlaender and Feinberg® that aspirin- 
sensitive asthmatic patients do poorly because they may also be allergic to 
other, unrecognized, simple chemical substances for which no diagnostic tests 
or methods of investigation are available at present. As a corollary to this 
hypothesis, one might speculate that a suitable test for aspirin hypersensi- 
tivity might provide a technique whereby allergies to other simple chemical 
substances could be detected. This would open up new vistas for investigation 
of allergy. 

In 1944 Leftwich" suggested a new type of skin test for sulfonamide 
hypersensitivity. This test was based on the theory that in drug allergy the 
true antigen is probably a complex substance formed by the conjugation of the 
drug with one of the body proteins. The drug is presumed to act as a hapten 
Which gives the conjugate its antigenic specificity..* Hence, assuming that 
there might be some conjugation of sulfonamides with the serum proteins, 
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Leftwich used as a testing antigen sera taken from individuals receiving sul- 
fonamide drugs. To be satisfactory for use, the sera had to contain at least 2 
mg. per cent of free sulfonamide, and the individual must have received sul- 
fonamides for at least five days before the serum was collected. Using such 
sera as testing antigens, twenty-eight of thirty patients clinically hypersensi- 
tive to sulfonamide drugs were found to give positive intracutaneous tests, 
while only two of thirty control patients were positive. Tests with saline 
solutions of sulfonamides were uniformly negative. It should be added, how- 
ever, that sometimes only rather slight differences in the reactions obtained 
from sulfonamide-containing sera as compared with the reactions from normal 
sera were considered to be significant. Reasoning along similar lines, Dame- 
shek and Colmes'® previously had reported positive intradermal tests to an 
in vitro mixture of amidopyrine and human serum in each of three patients 
suffering from agranulocytosis due to amidopyrine. Unfortunately, Fink, 
Burton, and Wheeler,’® Sherman,'? and Squier'® have been unable to confirm 
Leftwich’s results, and Squier'® has not been able to confirm the skin test 
results of Dameshek and Colmes. 

Despite the conflicting nature of the reports just cited, it was thought worth 
while to investigate skin tests of an analogous type in aspirin-sensitive pa- 
tients. Since these studies were begun, Feinberg and Malkiel’® have reported 
skin testing aspirin-sensitive patients to conjugates of aspirin and _ proteins 
made in vitro. The results were entirely negative. The present studies, like 
those of Leftwich, assume some type of in vivo conjugation of aspirin and the 
blood serum. There is some justification for such an assumption in the case 
of aspirin, for dialysis experiments have shown that human serum exerts a 
marked binding effect on salicylates.® 


EXPERIMENTAL 


1. Direct Skin Tests.—Studies were carried out on twelve patients, each of whom gave 
a definite history of allergic symptoms closely following the ingestion of aspirin on more 
than one oceasion. In most instances, the allergic reaction was severe. Eleven of the twelve 
patients had asthma and one had urticaria resulting from aspirin. 

Test sera were obtained from individuals (mainly patients with rheumatic fever or 
rheumatoid arthritis) who had been receiving aspirin regularly and in large doses for a period 
of at least three weeks. The salicylate levels of the test sera ranged from 6 mg. per cent to 
24 mg. per cent. The sera were stored at 4° C. and discarded when they were found to be 
very irritating when injected into normal skin. Control sera (from normal individuals) were 
used which had been in storage for about the same length of time ag the test sera. 

Each of the twelve aspirin-sensitive patients was tested with aspirin-containing serum, 
normal serum, and sterile saline. Tests were done by both the prick and intradermal methods. 
The reactions were observed for twenty minutes and again read at twenty-four and forty: 
eight hours. All test and control sera also were tested in a normal individual. Six of the 
aspirin-sensitive patients were tested to two aspirin-containing sera, the others to just one 
test serum. 

Results: In none of the twelve aspirin-sensitive patients was there a definite difference 
between the reaction to the aspirin-containing sera and that to control sera, The prick tests 
were all entirely negative. In many patients both the control and aspirin-containing sera Pp 
In a few instances, particularly 
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in the patient with urticaria from aspirin (who was retested twice), whealing seemed to 
occur a little more rapidly after intradermal injection of the aspirin-containing serum than 
after the control sera. However, there was essentially no difference between the two re- 
actions at the end of twenty minutes, and the earlier differences were believed to be too 
transient and inconstant to be considered definitely significant. 

2. ‘*Reversed’’ Passive Transfer Tests.—Rheumatic patients receiving aspirin by mouth 
and having plasma salicylate levels of over 6 mg. per cent were tested with sterile saline, 
normal serum, and the sera of the twelve aspirin-sensitive patients by both prick and intra- 
dermal tests. The reactions were observed for twenty minutes and again at twenty-four and 
forty-eight hours. 





Results: The prick tests were all entirely negative, and no difference in the degree of 
whealing of the control and test sera was noted on intradermal testing. 

















TABLE I 
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AS, Aspirin-containing serum; CS, control serum; SS, sterile saline; SA, saline solution 
of aspirin (1:300); US, unsensitized area of skin; S: to Ss, sera from six aspirin-sensitive 





patients. 


3. Passive Transfer Tests.—Sera of six of the aspirin-sensitive patients together with 
normal sera, sterile saline, and 4 saline solution of aspirin (1:300) were passively transferred 
to the skin of a known passive transfer receptor. Forty-eight hours later the sites were tested 
With aspirin-containing serum, a 1:300 solution of aspirin in saline, a control serum, and 


sterile saline according to the scheme outlined in Table I. Further control tests were done 


on unsensitized areas of skin. The sites were tested both by the prick and intradermal 
methods, the reactions being observed for twenty minutes and at twenty-four and forty- 
; eight hours. 


Results: All the prick tests were negative as were the intradermal tests to the solution 
of aspirin in saline and to plain saline. There was no difference between the whealing pro- 





r ae i ; : 
i duced by the aspirin-containing sera and the control sera given intradermally. 
0 
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4. Another type of ‘‘reversed’’ passive transfer test was carried out according to the 
scheme outlined in Table II. As indicated, a number of sites were planted in a suitable sub- 
ject with aspirin-containing serum, control serum, a 1:300 solution of aspirin in saline, and 
sterile saline. The sites were tested by both the prick and intradermal methods with sera 
from six aspirin-sensitive patients together with control tests with normal serum, saline, and 
a saline solution of aspirin. Further control tests were made on unsensitized areas of skin. 
The reactions were observed for twenty minutes and again at twenty-four and forty-eight 
hours. 

Results: Again the prick tests were all negative, and the intradermal tests revealed 


no difference between reactions to the control and test sera. 


SUMMARY 


It is thus apparent that the serum of individuals receiving aspirin (at 
least with plasma salicylate levels of from 6 to 24 mg. per cent) is not a sat- 
isfactory reagent for skin testing for aspirin allergy. Adequate controls with 
normal sera are very important in this type of study. Because of the con- 
siderable danger involved, we did not test any of our aspirin-sensitive asth- 
matie patients with aqueous solutions of aspirin. The patient having urticaria 
from aspirin had negative prick and intradermal reactions to a 1:300 solu- 
tion of aspirin in saline. Incidentally, none of our aspirin-sensitive patients 
had constitutional symptoms from skin testing with salicylate-containing sera. 


CONCLUSIONS 


The clinical features of the aspirin-sensitive group of allergic patients have 
been outlined briefly, and the need for a good diagnostic test for aspirin allergy 
has been emphasized. 

An unsuccessful attempt at the development of a suitable diagnostic skin 
test for aspirin allergy is reported. 

The clinical history is the only satisfactory method of diagnosing aspirin 


allergy at present. 
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OBSERVATIONS ON THE INTRAVENOUS ADMINISTRATION OF 
SACCHARATED OXIDE OF TRON IN HUMAN BEINGS 
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NTIL recently, the use of iron parenterally has been limited because of the 

high incidence of toxic reactions to preparations used. Heath, Strauss, 
and Castle, working with iron citrate green, concluded that parenteral ad- 
ministration of iron, for the most part, was not indicated since the maximum 
dose tolerated by injection gave no better response in iron deficiency anemias 
than an oral dose of 1 Gm. per day. Goetsch, Moore, and Minnich? using col- 
loidal ferric oxide and ferric hydroxide intravenously found hemoglobin re- 
generation to be more rapid than would be expected with oral iron therapy, but 
the high incidence of serious reactions made widespread use of these substances 













inadvisable. 

In 1947, Nissim* described the administration of saccharated oxide of iron 
intravenously, both by venoclysis and by direct injection. Two subjects were 
given 1 Gm. of iron in 1 per cent solution by intravenous drip with no toxic 
manifestations observed. Intravenous injection of doses under 250 mg. in 1 








per cent solution were given without reaction. Injection of 250 mg. to 500 mg. 
in 1 per cent solution resulted in infrequent and mild reactions. A moderately 
severe reaction followed injection of 1 Gm. in 1 per cent solution. Since this 
study there have been numerous reports** of the use of this preparation in 
Great Britain. No alarming toxic manifestations were recorded. Local irrita- 
tions, venous spasm, and thrombophlebitis at the site of injection were noted.” * 
Mild reactions resembling iron intoxication were noted frequently when doses 
over 300 mg. were given.® Nissim and Robson,’ however, have described another 
method of preparation of the substance with even less toxicity. 

In this report observations with respect to untoward reactions observed 
and to hemoglobin regeneration are recorded in subjects who received sacchar- 
ated oxide of iron intravenously. 
















METHODS 





Twenty anemic subjects ranging in age from 17 to 82 years were given a solution of 
saccharated oxide of iron* intravenously. Eighteen of these were given a total of 146 
intermittent injections of from 100 mg. to 600 mg. of elemental iron in from 0.66 per cent 


to 2 per cent solution. Two subjects were given 1 Gm. of iron in 1,000 ¢.c. of saline intra- 








venously by slow drip. 
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*The substance used was Feojectin, a preparation of saccharated oxide of iron a 
pensed in 5 c.c. ampules, each containing 100 mg. of elemental iron in 2 per cent. solution. | it 
was prepared and supplied to us by the Smith, Kline and French Laboratories. Various 
strengths of solution were made by dilution of this preparation with physiologic saline solution. 
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Of these twenty subjects, nine, in whom hypochromiec anemia of iron deficiency was 
severe, were selected for study of the rate of hemoglobin regeneration. In seven of the 
nine persons, iron deficiency resulted from blood loss; four had excessive uterine bleeding; 
two had recurrent epistaxis from nasal telangiectasia, and one had gastrointestinal bleed- 
ing from an undetermined site. Of the other two subjects, one was iron deficient because 
of chronically inadequate dietary supply and normal menstrual blood loss and the other 
because of increased demands for iron due to pregnancy along with inadequate dietary 
sources. All persons demonstrated microcytosis and low mean corpuscular hemoglobin 
content (Table I). 


The total dose given per subject was calculated on the basis of the amount of iron 
necessary to increase the hemoglobin to 15 Gm. per 100 cubic centimeters. In the average 
nonanemic person (hemoglobin of 15 Gm. per 100 ¢.c. or 100 per cent) approximately 2.5 
Gm, of iron are present as hemoglobin. The deficit of hemoglobin iron in the person with 
hypochromic anemia can be estimated by multiplying 2.5 Gm. by the hemoglobin deficit 
expressed in per cent. To this figure we have added 1.2 Gm. for replacement of storage 


iron which presumably is totally depleted if hypochromic anemia is present. Total doses 
ranged from 1.2 Gm. to 2.6 grams. 


Erythrocyte counts and hemoglobin and hematocrit determinations were done before 
and at intervals during and after completion of the course of iron injections. Reticulocyte 
counts were done daily or every other day until they had receded from a peak or until the 
injections were discontinued. Erythrocyte counts were done with standard pipettes. 
Hemoglobin was measured as oxyhemoglobin in a Coleman Junior spectrophotometer. The 
hematocrit was determined in a Wintrobe tube spun at 3,000 r.p.m. for thirty minutes. 
Reticulocyte counts were done by the wet method using modified Dameshek’s stain. 


RESULTS 


Reactions to Injections.—Of the 146 intermittent injections, 120 were with- 
out any untoward effects. Twelve were associated with local pain and apparent 
venous spasm at the site of injection; two injections were followed by a mild 
acute thrombophlebitis of the injected vein. Thirteen of the injections were 
accompanied by cramping pains in the extremities and in the lumbar region. 
They occurred during or immediately after the injections and persisted five to 
ten minutes, subsiding spontaneously. The mechanism of this pain is not clear. 
It was not affected by the simultaneous administration of tetraethyl ammonium 
chloride; in one subject, there was some diminution in the intensity of the pain 
with the simultaneous administration of 5 ¢.c. of a 10 per cent solution of caleium 
gluconate. In most instances, a given type of reaction was observed repeatedly 
in the same person with further injections. 

Ten of the eighteen subjects, who were given intermittent doses of the 
preparation, showed no untoward effects whatever to a series of from five to 
seventeen injections. In six subjects the reactions were mild, but in two, general 
reactions were severe enough to make further injections inadvisable. One of 
these subjects, ten minutes after receiving an initial dose of 100 mg. in 1 per 
cent solution, complained of severe anginoid chest pain followed by syncope, 
tachycardia, and sweating. She was revived promptly with spirits of ammonia 
and except for slight weakness was asymptomatic within thirty minutes. No 
change in blood pressure was observed. An electrocardiogram taken within 
thirty minutes after the onset of symptoms demonstrated no abnormalities. The 
other subject, immediately after injection of 100 mg. in 1 per cent solution, 
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complained of nausea, faintness, hot flashes, and subjective dyspnea and de- 
veloped a severe paroxysm of coughing. This person had received a total of 
2.1 Gm. in 100 and 200 mg. doses three times weekly four months prior to this 
injection. No further injections were given to either of these subjects. 

Of the two subjects who received 1 Gm. of iron in 1,000 ¢.c. of saline by 
intravenous drip, one had a moderately severe systemic reaction with severe 
generalized cramping pain followed in thirty minutes by a shaking chill and 
temperature to 102.4° C. She responded satisfactorily to supportive therapy, 
but one week later an acute thrombophlebitis developed at the site of injection. 
The other subject had no systemic reaction but: had a mild thrombophlebitis 
extendin about 4 em. from the site of injection. Ten days later, the subject 
developed an acute jugular thrombosis which responded satisfactorily to sup- 
portive and anticoagulant therapy. A direct relationship of the jugular vein 
thrombosis to the administration of iron was not established since the patient 
had been hospitalized for a similar episode four years previously. 

Thus, in two of eighteen persons given intravenous injections of this prep- 
aration there were reactions of such severity as to preclude further injections. 
The reactions observed in six others of this group were very mild and did not 
contraindicate further therapy. Each of two subjects who received 1 Gm. of 
iron as saccharated oxide of iron in 1,000 ¢.c. of saline by intravenous drip had 
untoward reactions which made further administration by this method inad- 
visable. 


The incidence of reactions to intravenous injections of the substance seemed 
related to (1) the concentration of solution used, (2) the rate of injection, and 
(3) the total dose given per injection. The incidence of local pain and venous 
spasm with the use of 2 per cent solution was distinctly higher than with the 
use of a 1 per cent solution. In most subjects, the local reactions were abated 
by decreasing the rate of injection of the more concentrated solution. Two 
persons, however, who tolerated the 1 per cent solution without symptoms, com- 
plained of local pain even if the injection time of a 2 per cent solution was in- 
creased twofold. General reactions occurred much more frequently when doses 
over 300 mg. were given. 


Reticulocyte Responses.—Reticulocyte responses occurred in eight of the 
nine persons studied, the peaks varying from 4.8 per cent to 12.8 per cent and 
averaging 8.5 per cent (Table I). In all but one subject, the reticulocyte peak 
occurred from the fifth to the ninth day after the first injection. In the other 
person, who was losing blood through epistaxis during the entire course of in- 
jections, the peak was not reached until the sixteenth day after the initial in- 
jection. In accord with the observations of Goetsch, Moore, and Minnich,? no 
correlation between the reticulocyte peak and the initial hemoglobin level was 
noted. 

Rate of Hemoglobin Regeneration.—Rates of hemoglobin regeneration in 
these nine subjects varied from 0.15 Gm. per 100 ¢.c. per day to 0.34 Gm. per 
100 ¢.c. per day, the average being 0.215 Gm. per 100 ¢.c. per day. Calculations 
were made including the period of time over which the rate of regeneration was 
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most constant. (See Table I.) The observations of Goetsch, Moore, and Min- 
nich? that the rate of hemoglobin regeneration had no observable relationship to 
initial hemoglobin levels and that the rate of regeneration decreased as normal 
values were approached were confirmed by this study. 

DISCUSSION 

Ileretofore, toxicity to parenteral iron preparations has made their use 
impracticable, With the introduction of a substance which when administered 
with careful observation is relatively free of serious side effects, however, indica- 
tions for parenteral iron therapy assume new importance. Essentially two 
situations may be presented in which iron parenterally might be indicated: 
(1) in those patients with microcytic hypochromie anemia who are unable to 
tolerate or retain iron by mouth and (2) in persons who for some reason are 
refractory to oral iron therapy. The latter is uncommon, to be sure, but numer- 
ous such cases have been reported. 7 * ° This was observed also in one of the 
subjects in this series (Patient C. M.) who failed to respond to oral iron, 1 Gm. 
daily for six months, before a response to intravenous iron was obtained. 

Krom our data and from the data of others? it is suggested that iron given 
intravenously results in a somewhat more rapid rate of hemoglobin regeneration 
than iron given orally. It is doubtful, however, that the increase is sufficient 
to serve as an indication for intravenous therapy under most circumstances. 

Our observations indicate rather great variation from person to person in 
the tolerance of total dose per injection and strength of solution used. In 
general, we have begun with slow injection of 100 mg. of a 1 per cent solution, 
since the incidence of reactions with this method was very low. If no reaction 
occurred, the strength of solution was increased to 2 per cent and the total dose 
per injection increased to tolerance. In our experience, single doses over 300 
mg. resulted in a very high incidence of reactions and probably should not be 
used. Our limited experience with administration of large doses by intravenous 
drip has been unsatisfactory. We, therefore, prefer the use of multiple in- 
jections. 

Long-term observations on possible systemic effects of large doses of par- 
enteral iron in human beings have not been reported. The effects and fate of ex- 
cesses of iron introduced intravenously should be considered carefully before 
this form of therapy is accepted unconditionally. Cappell,’° who administered 
massive doses of saccharated oxide of iron intravenously to rats, found increased 
storage in lymphatic glands and in parenchymal cells of the liver and kidney. 
Extended observations of these animals showed no ill effeets from this accumula- 
tion, and no lesions resembling hemochromatosis were observed. The iron was 
not stored in the pancreas. Furthermore, he did not observe the flocculation of 
the iron and consequent embolization of lung and glomerular capillaries which 
had been reported by Polson" in rabbits after intravenous injection of colloidal 
ferric hydroxide. Nevertheless, indiscriminate and excessive use of intravenous 
iron preparations poses the danger of hemochromatosis. If used with good 
judgment and restraint, saccharated oxide of iron can serve as a safe and im- 
portant tool in the hands of the physician. 






























INTRAVENOUS SACCHARATED OXIDE OF IRON IN HUMAN BEINGS 


SUMMARY AND CONCLUSIONS 


One hundred forty-six injections of saecharated oxide of iron in doses of 
from 100 mg. to 600 mg. were given to eighteen subjects. 

Reactions to injection were infrequent and for the most part mild. They 
consisted of (a) pain, venous spasm, and oceasionally thrombophlebitis at the 
injection site and (b) generalized cramping pains in the lower extremities and 
back. In two subjects, general reactions were of such severity that further in- 
jections were not given. 

The incidence of reactions rose significantly with single doses over 300 
milligrams. 

One gram of iron in 1,000 ¢.c. of saline was given to two subjects in an 
intravenous infusion. The untoward reactions and complications in each are 
discussed. 

Reticulocytosis averaging 8.5 per cent on the fifth to ninth day was observed 
in eight of nine persons with severe hypochromic anemia. There was no relation- 
ship between reticulocytosis and initial hemoglobin levels. 

Rates of hemoglobin regeneration in these nine persons averaged 0.215 Gm. 
per 100 ¢.c. per day and were without relationship to initial hemoglobin levels. 

Indications for and possible limitations of intravenous iron therapy are 
discussed. 
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ABSENCE OF RESPIRATORY CHANGE OR MANIFEST TETANY 
WITH ELEVATION OF PLASMA pH PRODUCED BY 
BICARBONATE ADMINISTRATION IN DOGS 


CLARK D. West, M.D.,* ano S. Rapoport, M.D., Pa.D. 
CINCINNATI, OHIO 


T HAS been stated frequently or implied’ * * that a compensatory depression 

of respiration follows alkali administration, the retention of CO, tending to 
minimize changes in plasma pH. Tetany is also considered* ° to be a common 
consequence of alkali administration, the elevation of pH supposedly reducing 
the ionized fraction of the blood calcium below a critical level. Recent studies 
in which large quantities of sodium bicarbonate were administered intravenously 
to normal, unanesthetized dogs afforded an opportunity to examine these 
assumptions. 

MATERIALS AND METHODS 


Three experiments were performed, each on a different animal. The general procedure 
is described in detail elsewhere.6 The dogs were deprived of water for twenty hours and of 
food for sixteen hours prior to experimentation. After collection of a control blood sample, 
an 8 per cent solution of sodium bicarbonate was rapidly injected in a foreleg vein in an 
amount calculated to add 30 milliosmols per liter volume distribution of bicarbonate, con- 
sidered to be 25 per cent of the body weight. The level was maintained by constant infusion 
of 1.0 or 1.5 per cent of the priming dose per minute. During the maintenance infusion 
three blood specimens were collected, the first usually twenty-five minutes after the beginning 
of the priming infusion and the others at twelve-minute intervals thereafter. A second prim- 
ing dose, equal in amount to the first, was then given, followed by a maintenance infusion 
at twice the rate of the first one, and three more blood specimens were collected at the same 
intervals. 

Blood was collected under oil from a catheter inserted in a vein of a hind leg. Pre- 
cautions were taken against exposure to air during separation of the serum. Sodium and 
potassium were determined by flame photometry, total CO, content? and chloride’ according 
to Van Slyke, and plasma pH was determined by the bicolor method of Hastings and 
Sendroy.2 The pCO, was calculated by the Henderson-Hasselbach equation from the values 
for total CO, and pH. 

The CO, tension of venous blood, while not identical with nor immediately reflecting 
changes in the CO, tension of alveolar air, is considered adequate for the assessment of 
changes in ventilation in these experiments in which a relatively steady state was maintained. 


OBSERVATIONS AND RESULTS 


Careful observations during the experiments failed to reveal any change in 
rate or depth of respiration or signs of tetany. At the end of the procedure the 
animals were in excellent condition. They were thirsty and drank large quanti- 
ties of water. 

From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
University of Cincinnati College of Medicine. 
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Changes in plasma pH, pCO.,, and bicarbonate concentration for two experi- 
ments are plotted against time in Figs. 1A and 1B. The level of plasma sodium 
is included in Fig. 1A and that of potassium in Fig. 1B. The plasma pH, pCO,, 
bicarbonate, chloride, sodium, potassium, and total plasma osmolarity are listed 
for a third experiment in Table I. 


TABLE I. THE Errect or NAHCO, INFUSION ON THE IONIC EQUILIBRIUM OF THE BLOOD PLASMA 














Doc PE 17.5 kG. 0.65 M2 
CALCULATED 
CONCURRENT TOTAL 
TIME HCO, pco, NA K cL OSMOLARITY* 
(MIN. ) PH (MEQ./L.) | (MM.HG) | (MEQ./L.) | (MEQ./L.) | (MEQ./L.) | (M.OSM/L.) 
—16 7.43 22.7 36.5 152.5 4.5 112.0 315 
0 to 10 Priming; 3.75 mM NaHCO,/kg. Maintenance; 0.056 mM/min./kg. 
26 7.58 34.6 39.0 160.0 3.8 110.0 328 
38 7.60 33.7 36.5 160.5 3.8 110.0 329 
50 7.64 35.6 35.5 159.0 3.8 108.0 325 
58 to 68 Priming; 3.75 mM NaHCO,/kg. Maintenance; 0.112 mM/min./kg. 
84 7.69 45.2 38.5 165.0 3.5 106.4 336 
96 7.69 47.0 40.0 170.0 3.4 104.4 346 
108 7.69 46.2 39.0 173.0 3.2 105.6 352 





*The method of calculation has been described previously,™ Table I, footnote 1 


Of primary importance are the values for pCO,. In general they either 
remained constant or fell slightly, indicating ventilation to be either unaffected 
or perhaps slightly increased by bicarbonate injection. In the experiment shown 
in Fig. 1A, the CO, tensions before and after bicarbonate injection were 
virtually identical although the animal initially was slightly acidotic, In the 
other experiment, the tension fell from a normal preinjection value of 42 mm. 
to about 33 mm. after the first priming injection and to 29 mm. after the second. 
The CO, tension changed less in the third experiment (Table I). After each 
priming, it increased by about 3 mm. of Hg, falling to the preinjection value 
during the first maintenance, but remaining slightly elevated during the second. 
The plasma pH in the three experiments increased from .26 to .44 above the 
preinjection level, the increment tending to be greater after the first than after 
the second priming injection of bicarbonate. The peak values were 7.77, 7.82, 
and 7.69 respectively. The bicarbonate increased by 10 to 14 and the sodium 
by 6 to 14 meq. per liter per injection, falling short of the 15 meq. increase 
calculated. The discrepancy may be accounted for by fluid shift from the intra- 
to the extracellular compartments resulting from the injection of a hypertonic 
solution. Judging from changes in serum chloride values (Table I), the extra- 
cellular volume increased by about 6 per cent. Taking this effect into account, 
the results are in accord with the work of Rosenbaum" which showed the volume 
of distribution of bicarbonate to be about equal to that of thiocyanate. 

The fall in serum potassium after bicarbonate injection, amounting to 
about 25 per cent of the initial level (Fig. 1B and Table I), is too great to be 
accounted for by dilution of the extracellular space. A similar effect was noted 
by Flock and co-workers’? who attributed it to the sodium component of the 
salt. This conclusion is not entirely supported by experiments recently per- 
formed with eight other sodium salts.° Although serum potassium decreased in 
some, the effect was not so consistent nor so marked as it was with bicarbonate. 
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DISCUSSION 

Respiration After Alkali Administration.—Absence of respiratory change 
after alkali administration has been previously reported by a number of workers. 
In five out of six experiments performed in a manner similar to those reported 
here, Kirsner'® observed only small and inconsistent changes in pCO, after 
bicarbonate administration. Gesell,'* also working with dogs, showed that 
respiration may be unaffected, increased, or diminished when the blood is made 
alkaline, depending on the alkali used and the mode of injection. Sodium biecar- 
honate, when injected slowly, did not affect respiration, but rapid injection 
increased it. The intravenous administration of sodium hydroxide or of sodium 
carbonate was followed by decreased respiration, sodium hydroxide producing 
the most marked depression. These effects, transitory in nature, were considered 
to be due to changes in the free carbonic acid content of the blood. The strong 
alkalis, sodium carbonate and sodium hydroxide, diminish carbonic acid by 
combining with it to form bicarbonate, while bicarbonate, when rapidly adminis- 
tered, is broken down by the well-buffered, relatively acid body fluids with 
formation of free CQO,. 

The increased ventilation observed after the direct injection of sodium 
bicarbonate into the pons and medulla of.cats was interpreted by Comroe’’ in a 
similar manner as being due to the breakdown of bicarbonate with the forma- 
tion of CO,. His conclusion was supported by the observation that the stimula- 
tion was greater when the bicarbonate was buffered to a normal pH with CO,. 
From the experiments of Dale and Evans’ in which bicarbonate was given 
intravenously to cats, a relatively constant plasma CO, tension may be calculated. 
In dogs with salicylism, bicarbonate administration seemed to have little effect 
on the pre-existent overventilation.’” 1% In one animal (Dog 937) the CO, 
tension remained practically unchanged after alkali infusion, while the pH 
increased by 0.34; in three others the tension rose by 4 to 5 mm. Hg., with 
increments of pH of 0.23 to 0.30. 

Studies in man also indicate little effect of bicarbonate administration on 
ventilation. The effect of the ingestion of sodium bicarbonate was studied in 
normal adults by Shock and Hastings.‘ They found in some experiments a 
slight increase in pCO, amounting to 4 to 10 mm. Hg at the time of maximum 
increase in plasma pH. In others there was no change. As plasma pH 
diminished during the recovery period, a further increase of from 5 to 8 mm. 
Hg was sometimes noted although this also was not an invariable result. The 
calculation of CO, tension from the data for two nonacidotic infants infused 
with sodium bicarbonate?’ also indicates a very slight depression of respiration. 

From the foregoing as well as from the experiments here presented it would 
appear that respiration is unaffected by elevation of plasma pH. This discon- 
tinuous respiratory response to changes in pH vitiates the expression of the 
partial effect of hydrogen ion concentration on respiration by continuous 
mathematical functions such as those derived by Gray*! and Brueer.** Both 
authors in attempts to integrate the multiple chemical factors involved in 
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respiratory control have derived equations in which ventilation is a continuous 
function of pH, rendering them inapplicable for the prediction of ventilation 
under conditions of alkali excess. 

Neuromuscular Irritability After Alkali Administration.—The absence of 
tetany in the present experiments is in consonance with the results of studies 
reported in the literature. In the experimental work cited previously describing 
the effect of alkali administration on ventilation in dogs,!* 1 ?7 eats,!® normal 
infants,”° and adults,’® tetany was not observed as a consequence of the elevation 
of plasma pH. Likewise, in experiments reported by MacCallum?* in dogs, 
tetany failed to appear after infusion of Na,CO, and NaHCO, in amounts 
comparable to those used in the present experiments. When much larger amounts 
were given, twitchings and convulsions were observed terminally which were 
quite different in nature from the typical tetany the author had observed after 
parathyroidectomy. Even in the presence of hypocalcemia, alkali infusion 
may not produce tetany. In two infants with latent rachitic tetany, a low 
serum calcium, and a normal blood reaction, the infusion of bicarbonate did 
not produce manifest tetany.2* On the other hand, tetany frequently accom- 
panies a return of pH to normality following administration of alkali to 
acidotic subjects with pre-existent hypocalcemia. Here one is dealing with a 
removal of the inhibition of tetany effected by a low pH. 

From these observations the conclusion emerges that elevation of pH 
above normal per se does not produce tetany. This is not surprising in view 
of the small effect of changes in pH on the ionization of calcium in blood serum 
demonstrated by McLean and Hastings.”° According to their work, an elevation 
of pH of the magnitude obtained in the present experiments would reduce the 
ionized calcium by only 10 per cent of the initial level. Conversely, it follows 
that the inhibition of tetany which occurs with a lowering of pH below normal 
cannot be explained by the small increase in the ionization of calcium. Con- 
ceivably one is dealing with a direct effect of the increased hydrogen ion con- 
centration. The effect of pH on tetany, as on respiration, appears to be dis- 
continuous in nature. Depression of pH inhibits tetany, as it stimulates 
respiration, while elevation above normal has little demonstrable effect. 

It is of interest that studies of hyperventilation. tetany conducted by a 
number of workers?” 27 28 have led to a similar conclusion regarding not only 
the effect of alkalosis on the ionization of calcium but also the independence of 
the manifestations of tetany from the serum calcium level. Shock and Hast- 
ings’? have suggested that reduction of the plasma CO, tension may be an 
independent cause of hyperventilation tetany. Their experiments were per- 
formed on normal subjects previously made either acidotic or alkalotie by 
ingestion of ammonium chloride or sodium bicarbonate. In the alkalotic sub- 
jects, the pH was often higher than 7.50 with no evidence of tetany, while in 
the acidotie subjects who hyperventilated, tetany appeared when the pH was 
7.50 to 7.55. On the other hand, tetany consistently occurred when the CO, 
tension had fallen to 20 mm. Hg or less, irrespective of the pH. 

There have been many reports of tetany accompanying alkalosis in chron- 
ically or acutely ill patients with normal calcium levels.2°-** In most of the 
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eases the alkalosis resulted either from vomiting due to obstruction of the upper 
gastrointestinal tract or from therapeutic administration of alkali to individuals 
with a renal defect. In addition to elevation of pH and bicarbonate concen- 
tration, these patients also had renal insufficiency owing to dehydration with 
azotemia and hypochloremia. The same constellation of disturbances was not 
always accompanied by tetany.*® ** It seems likely that other factors, as yet 


unknown, may contribute to the development of tetany under these cireum- 
stances. 


SUMMARY 


Large amounts of sodium bicarbonate were administered intravenously to 
normal dogs. The serum pH rose to as high as 7.82 and the bicarbonate to 
nearly 50 meq. per liter. Contrary to common belief, ventilation, as measured 
by the pCO,, remained practically unchanged, and tetany did not occur. These 
results, in agreement with evidence in the literature, indicate a discontinuous 
effect of pH on both respiration and neuromuscular irritability. Neither fune- 
tion appears to be affected by elevation of pH in contrast to the well-known 
stimulation of respiration and inhibition of tetany produced by depression of pH. 
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THE BLOOD VOLUME IN CHRONIC LEUCEMIA AS DETERMINED 
BY P*® LABELED RED BLOOD CELLS 


NATHANIEL I, BERLIN, M.D., PH.D.,* JoHN H. LAwRENcE, M.D., AND 
JEAN GARTLAND, B.S. 
BERKELEY, CALIF. 


HE nature and treatment of chronic leucemia continue to be difficult prob- 

lems and in the study and management of patients with this disease one is 
sooner or later confronted with the signs and symptoms of anemia. However, 
in this laboratory patients frequently have been observed who have a relatively 
low red blood cell count but who show little symptomatic evideice of the ap- 
parent anemia. Such instances bring into question the relative value of the 
red blood cell count as contrasted to the determination of the total red cell 
volume. Rowntree, Brown, and Roth’ and Keith? found that in ten cases of 
chronic myelogenous leucemia and four cases of chronic lymphatic leucemia the 
blood volume was high because of an increased plasma volume, varying from 
60 to 78 ¢.c. per kilogram of body weight, as determined by the Congo red dye 
method. This is the only large series of blood volume determinations in chronic 
leucemia, although there are a few additional reports of blood volume deter- 
minations in small series, particularly the observation of a large blood volume 
due to a large plasma volume in chronic myelogenous leucemia.* 

Since the total oxygen-carrying capacity of the blood is dependent upon 
the total circulating hemoglobin, which in turn is related to the total red cell 
volume, the determination of the blood volume would be of considerable assist- 
ance in the handling of these patients. The present study has a twofold pur- 
pose: to determine the relation between the hematocrit and the total red cell 
volume, and to investigate the nature of the pathologie physiology of the blood 
volume in leucemia. This study has shown that there is considerable variation 
in the blood volume in chronie leucemia principally due to marked variations 
in the plasma volume and has shown that the determination of the blood 
volume is of considerable value in the management of these patients. 


METHOD 


The blood volume was determined with P%2 labeled red blood cells, using a modifica 
tion of the Hevesy and Zerahn4 method for the labeling of the red blood cells with P%2 in 
vitro. Fifteen cubic centimeters of the patient’s blood were withdrawn into a heparinized 
syringe. Five cubic centimeters of the patient’s blood were placed in a 15 ¢.e, graduated 
centrifuge tube which was covered with a rubber serum bottle stopper; 500 ue of P%2, as 
NaH,PO,, in isotonic saline were added and the mixture was incubated at 37° C. with constant 
rotation for approximately two hours. The cells were washed three times by adding isotonic 

_ From the Division of Medical Physics, Donner Laboratory of Medical Physics, University 
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saline solution, centrifuging, and removing the supernatant fluid. The blood and saline were 
aseptically added to and removed from the centrifuge tube by the use of both a 4-in. needle 
and an air vent consisting of a No. 20 needle, a short piece of rubber tubing, and a short 
length of glass tubing containing a plug of cotton, After the third washing with saline, some 
of the plasma obtained from the remainder of the patient’s blood, and containing no P32, 
was added to the cells to reconstitute whole blood with a hematocrit of approximately 40, 
One cubic centimeter of this reconstituted whole blood was injected into an antecubital vein; 
after fifteen minutes, 5.0 ¢.c. of blood were withdrawn from another vein with a minimum of 
stasis. A standard was prepared by diluting 1.0 ¢.c. of the reconstituted blood in 2,000 c.c. 
water. The P32 was assayed by drying 0.1 ¢c.c. of blood on a piece of lens paper on a thin 
aluminum foil, wrapping the lens paper and aluminum foil in cellophane, and then counting 
on an IB 85 thyrode tube.* In a similar manner 0.1 ¢.c. of the standard and 0.1 ¢.c. of the 
original blood taken from the patient were mounted and counted. The hematocrits were deter- 
mined in Wintrobe hematocrit tubes, and when necessary were corrected for the buffy coat. 
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Fig. 1.—The blood volume in chronic leucemia. The circles represent cases of chronic myelo- 
genous leucemia; the dots, chronic lymphatic leucemia. 


RESULTS 


Forty-two blood volumes were done on forty-one unselected patients. These 
are recorded in Table I and presented graphically in Fig. 1. 


DISCUSSION 


The average total red cell volume in normal individuals, as calculated from 
the values reported in the literature using Fe®® or washed P** labeled red blood 
cells, is 29.9 ¢.c. per kilogram, with a range of 22.8 to 35.8 ¢.c. per kilogram of 
body weight. The average plasma volume was 38.7 ¢.c. per kilogram and the 
range, 32.6 to 45.1 ¢.c. per kilogram of body weight. ® 7+ In this laboratory in 
a series of twelve prisoners the average total red cell volume was 29.3 ¢.c. per 
kilogram, and the average plasma volume was 34.9 ¢.c. per kilogram with a range 
of 31.3 to 40.3 ¢.c. per kilogram. 


*Obtainable from Victoreen Instrument Company, Cleveland, Ohio. 


7The Fe® and P® labeled red blood cells have been shown in the rat to give comparable 
values for the blood volume.® 
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BLOOD VOLUME IN CHRONIC LEUCEMIA 


TABLE I. BLoop VOLUME IN CHRONIC LEUCEMIA 











IN C.C./KG, BODY WEIGHT: 


| | | BLOOD | | PLASMA 
CASE | PATIENT R.B.C. HGB, W.B.C, VOLUME T.R.C.V. VOLUME SPLEEN* 
M. B. 12.6 22,000 53.4 20.8 32.6 Zaa5 
9.8 27,500 61.0 17.7 43.3 see 
11.9 52,000 44,1 14.9 29.2 2 em, 
16.9 24,400 67.0 28.0 27.0 eo 
12.5 145,000 71.0 30.0 41.0 eee, 
14.8 115,000 71.4 32.1 39.3 7 em. 
12.7 25,500 72.0 29.5 42.5 10 em. 
12.6 64,000 60.2 24.7 35.5 pat 
13.2 19,200 39.8 14.3 25.5 3 em, 
45,600 90.4 33.4 57.0 3 em, 
34,000 18.0 27.0 cate 
24,500 17.5 35.6 eee. 
45,000 23.8 30.3 eee 
115,000 17.4 44.6 4 em, 
13,000 13.6 43.2 4 em, 
8,350 33.0 54.0 10 em. 
13,400 24.1 33.2 sna 
47,000 20.9 32.8 ae ee 
18,400 24.0 31.8 toe 
127,000 23.4 39.8 oe 
427,000 22.6 42.0 5 em. 
25,800 : 22.9 35.3 pets, 
38,000 : 31.5 39.4 sana 
44,000 5. 31.5 43.5 awere 
104,000 54. 20.5 33.5 1 em. 
67,500 : 19.7 40.0 ste 
35,000 : 25.5 56.9 1 em. 
36,000 3. 28.8 54.8 2 cm, 
5,100 ot 20.0 67.3 9 em, 
155,000 3. 27.6 49.4 6 em, 
27,000 50. 23.5 25.5 saat 
5,800 a 23.9 36.4 teas 
145,000 93.8 30.0 63.5 8 em, 
72,000 21.3 39.0 10 em, 
315,000 “ 23.6 41.6 3 cm. 
58,000 : 25.2 45.9 sateen 
337,000 ; 34.6 54.2 Into pelvis 
187,000 99. 26.9 64.7 3 cm. 
36,000 94, 31.0 60.2 1 em, 
142,000 ; 27.5 77.4 3 em. 
39,000 ; 22.6 67.7 Into pelvis 
298,000 99. 18.8 60.4 Into pelvis 











OWN HOP WD 


=e} SP Osun aeine 
RPA SeUt A> yeh 
DO 
NUD CID Ir 
oS ON 
° 


PRAEAINDAN RS 


Ad wdrwoWmWoHE 


SSO 


RrdoTHONHHK AND BDONB®DNSCHUNDR DORA DHL SCRSOH DN RODiOSOn 


F. 
lie 
J. 

H 

H 

H 

B. 
F. 
R. 
i 

R. 
G. 
Be 
A. 
R. 
H. 
L. 
R. 
OR 
We 
R. 
R. 
ae 
J. 

G. 
A. 
M 


HH DDOOAM HERG amanes 


Q 
bo co PO 


T.R.C.V., Total red cell volume. 

*Centimeters palpable below the midclavicular line. 

Patients 1 to 24 inclusive have chronic lymphatie leucemia. 
Patients 25 to 41 inclusive have chronic myelogenous leucemia. 





Lymphatic Leucemia.—Twelve patients (Cases 4, 6, 7, 8, 10, 13, 15, 16, 18, 
22, 23, and 24), having red blood cell counts greater than 4.0 million and hemo- 
globin above 13 Gm., had total red cell volumes within the range for normal per- 
sons; two of these patients (Cases 4 and 13) had low plasma volumes, and two 
(Cases 10 and 15) had high plasma volumes. 

Eleven patients (Cases 1, 2, 3, 9, 11, 12, 14, 17, 19, 20, and 21), who had 
lowered red blood cell counts and hemoglobins, also had low total red cell vol- 
umes; two patients (Cases 9 and 11) had low plasma volumes, the others had 
normal plasma volumes. One patient (Case 5) had lowered red blood cell count 
and hemoglobin but had a normal total red cell volume—an example of a large 
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normal plasma volume falsely lowering the red blood count and hemoglobin. 
There was no correlation between splenomegaly and a large plasma volume in 
the patients with lymphatic leucemia. 

Myelogenous Leucemia.—One patient (Case 30) who had a red blood cell 
count greater than 4.0 million and hemoglobin above 13 Gm., had a normal total 
red cell volume but had a low plasma volume. Patients 26, 27, 32, and 35 to 
39 inclusive, in whom the red blood cell count and hemoglobin were lowered, 
had normal total red cell volumes but had high plasma volumes, so that the red 
blood count, hemoglobin, and hematocrit appeared to be low. In Patients 29, 31, 
and 33, who had normal red blood cell counts and a slight reduction in the hemo- 
globin, the classification with respect to whether the patient was anemic or not 
as determined by red blood cell count and hemoglobin is arbitrary. Eleven of 
the thirteen patients in this group who had palpable spleens had large plasma 
volumes; this was shown by the Chi square test to be significant. One patient 
(Case 35), who had a large plasma volume, did not have a large spleen. This is 
in agreement with the findings of Rowntree and co-workers! and Greppi and 
Bucecianti® that the plasma volume was elevated in the splenomegaly accompany- 
ing various disease processes and in chronic myelogenous leucemia. 

Fig. 1 shows an ellipse caleulated by the method of Smith® to include 92 
per cent of the normal values reported in the literature,® ° * and it also shows 
that the variation of the total red cell volume for any given hematocrit is so 
great that the prediction of the total red cell volume from the hematocrit is of 
little or no value in normal subjects and especially in patients with chronic 
leucemia. 

CONCLUSIONS 


The blood volume has been determined with P** labeled red blood cells in 
twenty-four cases of chronic lymphatic and seventeen cases of chronic myelog- 
enous leucemia. 

The variation of the total red cell volume for a given hematocrit is so large 
that it is of little or no value for the prediction of the total red cell volume in 
either normal subjects or patients with chronic leucemia. 

Plasma volumes: 12 per cent (three of twenty-four patients with lymphatic 
leucemia) had low plasma volumes; 8 per cent (two of twenty-four) had high 
plasma volumes; the remaining nineteen (80 per cent) had normal plasma 
volumes. 

Eleven of the thirteen patients with myelogenous leucemia who had palpable 
spleens had high plasma volumes but had normal total red cell volumes, 

The determination of the blood volume is of considerable value in the treat- 
ment of these patients. 
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LOCALIZATION OF RADIOACTIVE COLLOIDS IN LYMPH NODES 


LEONARD A. WALKER, B.S., PH.D.* 
Kansas City, KAN. 


REQUENT qualitative and some quantitative observations have been made 
on the uptake of colloids and particulate material by the reticuloendothelial 
system. Gersh’ studied the distribution of colloidal calcium phosphate, injected 
intravenously in the rat, dog, and rabbit. Lund, Shaw, and Drinker? found 
that particulate manganese dioxide injected intravenously into the dog, rat, 
rabbit, and other animals was taken up mostly by the liver. No mention was 
made of the lymphatics. Drinker and Shaw’ found that, in the cat, particulate 
MnOz given intravenously was taken up by the lungs, liver, and spleen. Pohle 
and Ritchie* made histologic studies of the liver, spleen, and marrow of rabbits 
following intravenous injection of thorium oxide to determine its distribution. 
Jones, Wrobel, and Lyons® studied the quantitative distribution of colloidal 
chromic phosphate in the reticuloendothelial system in mice, using radioactive 
phosphorus, and studies were made of the distribution of radioactive colloids of 
zirconium, columbium, and yttrium by Dobson, Gofman, Jones, Kelly, and 
Walker® when these colloids were administered intravenously. 
The object of the present work was to study the quantitative uptake of 
radioactive colloids by lymph nodes when the colloids were injected intra- 
lymphatically or otherwise introduced into the lymphatic channels. 


MATERIALS AND METHODS 


First, attempts were made to cause colloids which had been injected subcutaneously to 
move from the site of injection into the lymph capillaries, and hence into the nodes. Later, 
a technique was developed for isolating and injecting the lymph vessels directly. The uptake 
by the nodes of two different yttrium hydroxy-citrate colloids incorporating radioactive yttrium 
(Y9) and of iodinated bovine albumin, incorporating radioactive iodine, was studied. 
Excellent specific uptake by the nodes was obtained using the yttrium colloids, leading to 
highly specific irradiation of the nodes. Irradiation of lymph nodes might prove advantageous 
in the treatment of lymphatic tumors, as in Hodgkin’s disease, in primary lymphosarcoma, 
and in the irradiation of metastases to the nodes, as in cancer of the breast, possibly prevent- 
ing further metastases to other points. 

The possibility that the colloids of yttrium might be taken up specifically by the lymph 
nodes was suggested by the fact that although if given subcutaneously the colloids remain 
at least 80 per cent in situ, the fraction of colloid which escapes from the site of injection 
localizes to a very high degree in the regional nodes. Y9% is a convenient radioactive isotope 
for the preparation of the colloids because a steady supply of it can be obtained from radio- 
active strontium (Sr9°), which has a half-life of 25 years, secular equilibrium being reached 
to the extent of about 90 per cent in two weeks. Radioactive isotopes of yttrium have the 
further advantage that the three, Y9°, Y91, and Y88, have half-lives of 65 hours, 57 days, 
and 105 days respectively, so that one may vary the time of irradiation over a wide range 
by a suitable choice of isotope. Y9° and Y®1 are pure beta emitters with maximum energies 
of 2.2 and 1.53 MEV (million electron volts) respectively, while Y8% is a pure gamma ray 


emitter, the gammas having energies of 0.95 and 1.92 MEV. 
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The ‘‘C’’ type yttrium colloid used in most of the injections was that developed by 
Gofman.?7 It is an yttrium hydroxy-citrate colloid with an yttrium to citrate mole ratio of 
1.25 and an average molecular weight of about 20,000. The ‘‘E’’ type colloid, also developed 
by Gofman, is prepared in exactly the same way as the C type except that the yttrium to 
citrate mole ratio in it is 2.23 and the average molecular weight is much higher, poss*bly 
millions. 


Vig. 1. 


The apparatus for the intralymphatie injections is shown in Fig. 1. It consists of a 
small reversible (27 volt D.C.) motor which is connected to a flexible cable, designed to wind 
and drive a brass screw, which in turn pushes the plunger of a 0.25 ml. tuberculin syringe, 
injecting the colloid at a uniform rate. The motor is fitted with a small transformer and 
rectifier, an automatic shutoff switch which stops the motor when the plunger is fully in, and 
a rheostat and dial, so that the injection rate may be varied. There is also a manual in-and-out 


switch, a manual off-and-on switch, and an on switch designed to be used as a foot switch, 
allowing maximum freedom of the hands during an operation. The syringe itself is mounted 
on a brass base which serves to hold the serew and syringe in position and to shield out most 
of the radiation from the colloid. A Lucite window 1 cm. thick allows one to watch the 
syringe during filling, in order to avoid bubbles. Injections were made with 30 gauge needles 


manufactured by the Vita Needle Company, Needham, Mass. A binocular loop of magnification 
8 was used in exposing the lymphatics, and the uniform rate of 0.1 ml. in 2.5 minutes was 
used in all injections. 

In preliminary experiments attempting to cause colloids to move from subcutaneous 
sites into the lymph channels, four main methods were followed: incubation of the colloid 
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with blood serum from the animal previous to injection; mixing of the colloid with the 
enzyme hyaluronidase* previous to injection, in the hope of increasing the permeability of 
the lymphatic walls; production of a sterile inflammation at the site of injection by the 


administration of turpentine subcutaneously; and subcutaneous injection of a foreign protein, 
casein, incorporating radioactive phosphorus. None of these attempts met with success. Only 
the casein left the site of injection, but was not found in the regional nodes six days later. 

The technique which lends itself best to the study of intralymphatic injection is that 
involving the injection of the lymphatics of the rabbit leg, afferent to the popliteal node. All 
the following detailed studies were made on these vessels. In order to inject a rabbit leg 
lymphatic, the animal was anesthetized with Nembutal, followed by ether if needed. One 
milliliter 2 per cent trypan blue in isotonic saline solution was injected into the foot pad. 
The lymphatics of the leg became visible through the skin within five minutes. A small incision 
was made over one of the larger lymphatics, and the colloid was injected by means of the 
automatic injector. 


In all results dealing with irradiation of the nodes, no attempt was made to do more 
than evaluate trends, The reasons for this are perhaps obvious. Hellman®’ has made a careful 
study of the weight of all the lymphoid organs of the rabbit as a function of weight, size, 
and sex and has found that even among rabbits of the same age and size, one can often 
find differences in the weight of corresponding nodes of a factor of two. It is apparent 
that results should be interpreted with caution. Percentage uptake by corresponding nodes 
in different animals can be expected to be very variable because of variations in size and 
condition of each node. 

RESULTS 

The first successful intralymphatie injections were done on the mesenteric 
lymphatics of the cat. A laparotomy was performed and one of the large vessels 
afferent to the mesenteric node was injected with C type yttrium colloid. Two 
experiments were done on cats. In the first, 0.8 ml. C type colloid was injected. 
Eleven per cent of the injected dose was retained by the mesenteric node. In 
the second experiment, 0.1 ml. C type colloid was injected, and 71 per cent was 
retained in the mesenteric node. 

lodinated bovine albumin incorporating radioactive iodine (I'*1) when 
injected intralymphatically in the rabbit is not taken up by the nodes. Almost 
none was found in the nodes thirty minutes after injection. Two days after 
injection over 4 per cent of the recovered iodine was found in the thyroid. 

Table I gives the results on the injection of 0.1 ml. quantities of Y°® C type 
colloid. Recoveries on these nine rabbits averaged 79.5 per cent of the injected 
dose. No significant change in distribution occurs after nine days. The chief 
sites of uptake are the lymph nodes, bone marrow, and liver. Uptake by the 
popliteal nodes averages 19.9 per cent of the injected dose, with a range of 11.1 
to 41.2 per cent. Several per cent is usually found in the aortie chain of nodes. 
In all experiments involving injections of C and E type colloid, specific activities 
of the most active organs have heen calculated. Specifie activity is an index 
of the intensity of irradiation of a given organ. It is conveniently expressed 
as percentage of the injected dose per gram of organ. In considering the relative 
intensities of irradiation of two different tissues, the ratios of these specific 
activities are significant. For all animals injected with C and E type colloid, 
the specific activity ratio of most active lymph node to most active organ has 


*Wyeth’s hyaluronidase, from bull testes. 
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been caleulated. For the rabbits which were injected with 0.1 ml. C type colloid 
the specific activity ratios average 284, with a range of 39 to 843. Spleen is 
often high in specific activity, for although it may take up less than 1 per cent 
of the colloid, it may weigh less than 1 gram. 


In an effort to determine the effect of variation of the volume injected on 
the uptake by the nodes, injections of 0.05 and 0.20 ml. C type colloid were 
earried out. Table II gives the results when 0.05 ml. was injected. Eight 
rabbits were injected. No significant change of distribution occurs with time. 
The average recovery was 73 per cent. Specific activity ratios average 457, with 
a range of 57 to 1,930. The uptake by the popliteal node averages 37 per cent, 
with a range of 23.6 to 57.8 per cent. Thus there may be a trend toward higher 
uptake by the nodes when the volume is cut from 0.10 to 0.05 milliliter. There 
is a corresponding trend to higher specific activity ratios, but the overlapping 
in the individual values brings out the fact that one must be very cautious in 
evaluating anything but broad trends. 


TABLE IIT. 0.2 MILLILITER C Type CoLLoIp INJECTED 




















































































































DAYS AFTER INJECTION ] 2 3 6 Average 
Per cent recovery 65.0 79.0 80.0 87.0 78.0 78.0 
Per cent in popliteal node 12.4 29.3 14.7 26.5 18.7 20.3 

Bifureation node 9.6 6.4 2.8 10.0 12.1 

First aortie node 0.8 6.6 0.0 0.4 1.4 

Second aortic node 0.1 5.3 

Third aortic node 2.8 0.05 

Marrow 23.4 18.5 36.4 24.3 | 24.5 
~ Spleen 0.6 0.4 0.7 0.4 0.4 — 

Liver 14.5 16.0 24.0 19.0 = aa 

Kidney y 0.6 0.6 0.4 05 0.5 

Muscle i 0.4 1.1 0.8 1.0 11.6 

SPECIFIC ACTIVITIES 
Popliteal node , 9.5 293 | 61.3 | 303 | 1200 — 
Bifurcation node | 48 | 212 | 24 28.5 | 155.0 — 
First aortic node | wa | 2S | Oo | 5 | so 
Second aortic node ———™ 0.4 30.4 _ 
Third aortic node ~ | 13.9 SS ee. a eo 
Marrow ei 0.6 0.4 oo | oft + 
Spleen Oh 1 Oe 06 | O05 | £04 
Liver “|. | oS, as | oe |; @ 
_ SPECIFIC ACTIVITY RATIOS 78 75 71 51 | 198 | 946 — 

















Table III gives the results of the injection of 0.20 ml. C type colloid. Five 
rabbits were injected. Average recovery was 78 per cent, and no change in 
distribution oceurred with time. Popliteal uptake averaged 20.3 per cent, with 
a range of 12.4 to 29.3 per cent. Specific activity ratios averaged 94.6, with a 
range of 51 to 198. No difference was apparent in the trend in the uptake when 
the volume was increased from 0.10 to 0.20 milliliter. ; 

Table IV gives the results of injection of 0.10 ml. E type colloid. Eight 
rabbits were injected. Uptake by the nodes is much higher for the E type 
colloid than for the C type. This may be due either to the much larger particle 
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size of the E type or to the much smaller number of particles injected in the 
case of the E type colloid. Recoveries average 89 per cent. Popliteal uptake 
averages 84 per cent of the injected dose, or calculated as percentage of the 
recovered dose, 96.5 per cent, with a range of 86.5 to 99.3 per cent. Specific 
activity ratios average 7,900, with a range of 1,650 to 30,300. No change of 
distribution occurs with time. Irradiation of the other nodes in the chain is 
still good, as with the C type colloid. This is evident from the fact that the 
specifie activity ratios of the second most active node in the chain to the most 
active tissue average 119, with a range of 10 to 528. 

In an effort to answer the question of whether previous intralymphatie 
injections would affect the uptake in subsequent injections, 0.10 ml. quantities 
of inactive C or E type colloid were injected into a series of six rabbits, 
followed by 0.10 ml. quantities of active C type colloid one day later. It was 
postulated that in the second injection the uptake by the nodes might be less, as 
the phagocytes might be limited in their capacity to take up colloid. Table V 


TABLE V. INACTIVE YTTRIUM COLLOID FOLLOWED BY ACTIVE YTTRIUM COLLOID 














































































































DAYS AFTER INJECTION l 1 2 3 3 9 Average 
INACTIVE COLLOID TYPE E E C Cc E C 
Per cent recovery 76.2 | 88.7 | 75.7 94.1 67.7 69.6 78.5 
Per cent in popliteal node 63.2 | 54.5 33.6 66.2 43.9 35.3 49.3 
Bifureation node 0.2 0.02 3.5 as. | sa 
First aortic node 13.3 3.4 6.3 0.1 3.3 
Second aortic node 1.8 0.06 0.02 0.3 0.1 = 
Third aortic node 0.0 0.06 0.02 as 
Fourth aortic nede 0.08 — i 
Marrow 6.7 119 17.8 7.9 6.5 126 
Spleen 0.1 0.2 0.3 0.3 0.03 0.5 
Liver 1.5 8.0 14.3 | 11.8 4.3 3.0 
Kidney 0.2 0.5 a | Of | OA | € 
~ Musele 0.5 0.0 is | 66 | 04 | 06 ~ 
SPECIFIC ACTIVITIES ner = 
Popliteal node 57.4 | 362 | 405 | 414 | 439 | 294 — 
Bifureation node is | oy | Os | ~ | 91.8 41.3 
First aortic node 30.0 | 44.5 | 7.0 0.03 | 16.5 
Second aortic node 8.8 | 0.7 2.0 2.8 0.2 
Third aortic node 0.0 L.2 2.0 i 
Marrow 0.2 0.3 0.5 os |. @3 0.3 
Spleen 01 | 01 05 01 | 002 | 02 
Liver 0.02) O1 | 03 0.1 0.04 0.03 
_SPECIFIC ACTIVITY RATIOS 340 144 172 244 366. | 153 | 237 














shows the results of these experiments. Recoveries average 78.5 per cent. Up- 
take by the popliteal node averages 49.3 per cent, with a range of 33.6 to 66.2 
der cent. The specific activity ratios average 237, with a range of 144 to 366. 
This is a trend in just the opposite direction from that postulated. It is possible 
that injections of colloid may exert a stimulating effect on the phagocytes of the 
nodes, so that the uptake of colloid in subsequent injections is higher than it 
would normally be. The effect seems to be the same whether type E or type C 
colloid is used in the initial injection. 
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DISCUSSION 


No calculations have been made of the dose delivered to the nodes or 
organs in roentgens since the dose in roentgens is linearly proportional to the 
specific activity of the tissue, and the specific activity ratios give the ratios 
of the doses in roentgens. The actual dose delivered to a node in roentgens 
can be varied at will by variation of the number of millicuries of activity injected, 
providing the percentage uptake by the node is approximately known. For 
example, if 0.1 me. of Y® is localized in a 1 gram lymph node, the accumulated 
dose to the node after ten days can be shown to be about 15,200 r., providing all 
the beta rays are absorbed in the node. The ealeulation of the fraction of the 
beta rays which are absorbed by a small organ is quite complicated, but can 
be accomplished by graphical methods.°® 

The higher uptakes obtained in the case of repeated injections of yttrium 
colloid could hardly be due to any physical obstruction of the lymphatic system 
further up the chain, since the rate of lymph flow is such that the entire volume 
is rinsed through in thirty minutes. 


SUMMARY 


Unsuecessful attempts were made to cause colloids injected subeutaneously 
to enter the lymphatic vessels and localize in regional nodes. Only radioactive 
casein left the site of injection, but it did not localize in the regional nodes. 

A method for intralymphatie injections was developed, and quantitative 
studies were made on the irradiation of rabbit lymph nodes by means of two 
radioactive yttrium hydroxy-citrate colloids, called the C and E type colloids. 
The C type gives an average concentration of radiation in the most active node, 
as compared with that in the most active tissue of 284. The type E colloid gives 
an average of 7,900. Although variation of the volume of colloid injected over 
the values of 0.05, 0.10, and 0.20 ml. resulted in some change in the percentage 
uptake by the nodes, these changes were not striking. 

It was found that previous intralymphatic injection of yttrium colloids 
caused an increase in the uptake by the nodes in subsequent injections. No 
explanation for this effect is offered. 

This technique for specific irradiation of lymph nodes might be of use in 
Hodgkin’s disease, in primary lymphosarcoma, or in irradiation of metastases to 
the nodes, as in cancer of the breast. 

I wish to thank Dr. John Lawrence for the use of the facilities of the Donner Labora- 
tory. I am indebted to Dr. John Gofman, Dr. Hardin Jones, Dr. William Reinhardt, Dr. 
Donald Van Dyke, and Mr. Frank Lindgren for much technical advice and help, and to Miss 
Margaret White for the preparation of the colloids. Mr. Frederick Aladjem, Mr. Ernest 


Simon, Mr. Donald Wehner, and Mr. William Ruhle have been most helpful with technical 
assistance, 
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INDEX OF THYROID FUNCTION: ESTIMATION BY RATE OF 
ORGANIC BINDING OF 1*** 


GLENN E. SHELINE, M.D., Pu.D.,* aNnp Dwicut E. CuarK, M.S., M.D. 
Curcaco, ILL. 


VALUATION of the state of thyroid function in patients has long been a 

subject of investigation. As an aid to clinical judgment, determination 
of the basal metabolic rate has been widely used. Many diseases in addition 
to those of the thyroid may cause deviation of the metabolic rate from the 
range usually classified as normal. Recently, the use of anesthesia’ has shown 
promise of reducing the interference by nervous disorders in cstablishment of 
basal conditions. The chemical determination” * of protein-bound plasma or 
serum iodine is being used successfully. It is, however, a technically difficult 
method and exogenous iodide or iodinated substances, such as Priodax, may 
cause large increases of the protein-bound iodine without similar increase in 
the physiologically active hormonal iodine.* ° 

Radioactive iodine opened a new approach to the study of thyroid physi- 
ology. Clinical exploitation followed quickly. The rate of urinary excretion 
of administered radioiodine**” has proved useful but there is considerable 
overlapping of the rates found in hypothyroidism, euthyroidism, and hyper- 
thyroidism. Uptake of radioiodine by the thyroid’ has been shown to vary 
according to the activity of the thyroid. 

In 1947, Chaikoff, Taurog, and Reinhardt?” found the rate of incorporation 
of injected radioiodine into plasma protein-bound iodine in the rat was in- 
creased by thyrotropic hormone injection and decreased by thyroidectomy, 
and they suggested this rate might be a useful guide to thyroid activity. Me- 
Conahey, Keating, and Power’ showed, in 1949, that after oral ingestion of 
I'*! the precipitable radioiodine appeared in the blood sooner, rose more rap- 
idly, and reached higher values in hyperthyroid than in euthyroid individuals. 
Freedberg, Ureles, and Hertz’* demonstrated the serum protein-bound [” 
in thyrotoxie patients was higher than in euthyroid subjects twenty-four hours 

_ after the oral administration of radioiodine. 

Also in 1949, Clark, Moe, and Adams" presented a study of the conversion 
of orally administered inorganic radioactive iodine into plasma protein-bound 
iodine in patients with various thyroid states and in patients with cardiovascu- 
lar disease and an elevated basal metabolic rate. Twenty-four hours after 
ingestion of I'*', the total amount of radioiodine in the plasma and the amount 

From the Department of Surgery of the University of Chicago. 
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in the plasma protein were determined and a ratio of these values was ecaleu- 
lated. Multiplication of the ratio by 100 gave the ‘‘conversion ratio’’ in per 
protein-bound plasma I*** 
total plasma I['*? 
overlapping of the conversion ratios found in the hyperthyroid group and in 
the euthyroid group. The normal values ranged from 13 to 42 per cent in 
twenty-two euthyroid patients and from 45 to 96 per cent in twenty-eight 
patients with hyperthyroidism. Values of less than 10 per cent were con- 
sidered indicative of hypothyroidism. Patients with cardiovascular disease 
and elevated basal metabolic rates but no known thyroid malfunction did 
not have elevated conversion ratios. In subsequent clinical work this ratio 
has been of considerable value. As the method was first worked out it was 
necessary to use doses of 1.0 to 1.5 me. in order to obtain sufficient counts in 
lee. of plasma. Although no adverse reactions have been observed, the de- 
sirability of a smaller dose is obvious. Consequently, the method has been re- 
vised so that doses between 0.05 and 0.2 me. are adequate. It is the purpose of 
the present report to give the details of this modified method. 





cent. This was defined as x 100. There was no 


METHOD 


Radioactive inorganic iodine (1131) was given orally as sodium iodide. No carrier 
iodide was added. First a group of patients was given approximately 1.0 me.* of 1131 and 
the conversion ratio was determined both by the method of Clark, Moe, and Adams15 and 
by the modified method to be described. The relationship between the values obtained by 
each method was established. It was also demonstrated in this group that the modified 
method gave an increase in sensitivity by a factor of five. Subsequent patients have 
received between 0.05 and 0.2 mc. depending on body weight. 


Twenty-four hours after administration of radioiodine, 12 ml. of blood were drawn 
and placed in a 15 ml. centrifuge tube containing 5 drops of heparin. After centrifuga- 
tion, 2 ml. of plasma were pipetted into a 4.1 em. diameter porcelain capsule. The capsules 
were selected for flat bottoms and before use, a ten minute and forty second background 
count was determined on each by means of a Geiger-Miiller counter, One milliliter of a 
solution of 0.02M NaOH, 0.0015M KI, and 0.005M NaHSO, was added and the capsule agi- 
tated until the solutions were mixed. Next, 1 drop of a silver nitrate solution (1 mg. 
AgNO, per milliliter) was added and the mixing was repeated. A second 2 ml. aliquot of 
plasma was pipetted into a 15 ml. centrifuge tube and 8 ml. of 10 per cent trichloroacetic 
acid were added to precipitate the plasma proteins. After being stirred with a small rod, 
the precipitate was centrifuged and. the supernatant removed by suction and discarded. 
The precipitate was then washed twice by suspending in 4 ml. portions of 1 per cent 
trichloroacetic acid, It was necessary to centrifuge a little longer after the second wash- 
ing to prevent loss of a small amount of the more flatly divided precipitate. The precipi- 
tate was dissolved in a minimum, usually 4 or 5 drops, of 2M NaOH and transferred by 
pouring down the stirring rod into a porcelain dish, selected as above. A half milliliter 
of distilled water was added as soon as the precipitate dissolved and served to prevent 
the formation of a solid gel. A film of petroleum jelly around the lip prevented loss by 
flow down the outside of the tube. The tube was washed three times with about 0.5 ml. 
portions of distilled water. The washes were combined with the dissolved protein in the 
Porcelain dish. To obtain a dry film of uniform thickness it was essential to mix thor- 
oughly the solutions in the capsule. Both capsules were placed under an infrared lamp 
within a closed hood and dried slowly. As soon as the contents were completely dry, the 





*Oak Ridge Standard. 
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radioactivity was determined with a thin end-window Geiger-Miiller tube. To obtain the max- 
imum count, the dish was placed as close to the counter window as its height would permit. 
Counting was continued for ten minutes and forty seconds or until the relative probable 
error was less than 2 per cent. Corrections were next made for background activity. The 


results were expressed in terms of the conversion ratio. 


RESULTS AND DISCUSSION 


In order to decrease the dose of radioiodine it was necessary to increase 
the sensitivity of the method. To do this, three possibilities presented them- 
selves: (1) inerease in counting time, within reasonable limits; (2) increase 
the effective geometry of the counting arrangement; and (3) increase the size 
of sample. The first possibility was easily realized, the details of which are 
given under Method. 

An increase in geometry by a factor of about 2 was obtained by moving 
the capsule nearer to the counter tube. In moving the sample closer it became 
more important to have flat layers of the material being counted. Only about 
one out of three of the standard Coor porcelain capsules was satisfactory. The 
others had grossly uneven bottom surfaces and were not used. It is possible 
that use of a flow gas counter tube would give an additional increase in ge- 
ometry. However, the ones tried used smaller diameter sample containers 
and the advantage of the increased geometry was lost by the limits which 
self-absorption placed on the permissible sample thickness. 

Increasing the plasma sample from 1 ml]. to 2 ml. resulted in an increase 
in weight of the dried plasma from an average of 97 mg. to 192 milligrams. 
Simultaneously, the counting rate went up almosi exactly by a factor of two; 


TABLE I, COMPARISON OF CONVERSION RATIO OF 17 CONSECUTIVE PATIENTS, USING 
APPROXIMATELY 1 MC. oF [131 








METHOD OF 
CLARK, MOE,| MODIFIED 


| 
| 
| AND ADAMS | METHOD 


| 
| 
| 











| | | 
CASE | PATIENT | AGE | SEX | CLINICAL DIAGNOSIS | (9%) (%) 
1 _ aK 55 F Euthyroid 10 12 
2 F. M. 36 KF Carcinoma of thyroid, hypothy- 2 4 
roid 
3 C. R. 60 M Lymphosarcoma, diabetes 3 4 
mellitus 
A.L. 62 F Hypertension 2 3 
5 G.E. 51 F Struma lymphomatosa, hypo- 2 2 
thyroid 
6 >. M. 49 M Hyperthyroid 60 65 
7 a. C. 22 F Hyperthyroid 85 88 
8 M. 8. 28 F Euthyroid 16 18 
9 M. M. 42 F Euthyroid 9 11 
10 SL. 66 F Hyperthyroid 60 61 
11 E. H. 65 M Hyperthyroid (on Lugol’s) 2 7 
is) | 6LB. 40 F Hyperthyroid 47 59 
13 M. A. 57 F Euthyroid, pernicious anemia 33 39 
14 gon. 44 F Postthyroidectomy, menopause 2 3 
15 H. K. 59 M Hyperthyroid (on Lugol’s re- 35 39 
cently ) 
16 D.B. 12 M Euthyroid 8 9 
17 A.D. 44 F Hyperthyroid 71 76 
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indicating that self-absorption is not a major factor at this weight of material 
when this diameter of capsule is used. However, when the protein was precipi- 
tated from 2 ml. of plasma rather than 1 ml., a proportionate ris» in counting 
rate did not occur. In this case precipitation of the protein and washing with 
10 per cent trichloroacetic acid as used in the original method gave a change in 
weight from 215 mg. to 430 mg. of dried material. Presumably, this greater 
mass resulted in an appreciable self-absorption. The use of 1 per cent trichlo- 
roacetic acid for washing gave dried precipitates from 2 ml. of plasma that 


TABLE II. CONVERSION RATIO IN VARIOUS THYROID STATES OBTAINED BY THE MODIFIED 




















METHOD 
| CONVERSION 
| | | 1131 DOSE RATIO 
CASE | PATIENT | AGE | SEX CLINICAL DIAGNOSIS (MC.) (%) 
1 We. a 48 M Arthritis, euthyroid 0.20 15 
2 M.S. 69 F Colloid goiter, euthyroid 0.20 15 
3 L. R. 55 F Hypertension, euthyroid 0.20 41 
4 BLP. 51 F Hypertension, euthyroid 0.20 16 
5 R. 8. 10 M Rheumatic fever, euthyroid 0.10 29 
6 C. D. 36 F Thyroid adenoma, euthyroid 0.20 21 
7 G. M. 19 M Euthyroid 0.15 8 
8 L. H. 26 M Aortic insufficiency, euthyroid 0.20 37 
9 M. P. 26 F Euthyroid 0.20 22 
10 J.J. 45 M Tabes dorsalis, euthyroid 0.20 ti 
11 E. A. 19 F Headaches, euthyroid 0.15 7 
12 M. C. 44 F Thyroid adenoma, euthyroid 0.20 8 
13 L. L. 10 M Mental deficiency, euthyroid 0.11 21 
14 Site. 44 F Carcinoma cervix, euthyroid 0.20 6 
15 E. Z. 54 M Arteriosclerotic heart disease, 0.20 8 
euthyroid 

16 M. K. 54 F Headaches, euthyroid 0.20 16 
17 C. H. 50 F Colloid goiter, euthyroid 0.20 31 
18 C. W. 10 F Euthyroid 0.10 23 
19 L. A. 62 F Cholelithiasis, euthyroid 0.20 35 
20 L. M. 31 F Euthyroid 0.20 32 
21 M. Z. 28 F Euthyroid (0.20 34 
22 Lik. 64 F Euthyroid 0.20 9 
23 H. C. 13 F Euthyroid 0.10 25 
24 D.D. 2 M Euthyroid 0.05 16 
25 ET; 59 M Euthyroid 0.20 17 
26 A. G. 36 F Euthyroid 0.20 3 
27 L. R. 30 F Infectious hepatitis, euthyroid (0.20 20 
28 A. W. 6 M Euthyroid 0.05 Ne 
29 A.B. 62 F Hyperthyroid, mild 0.20 33 
30 C, Bs 58 F Hyperthyroid, mild 0.20 38 
3] 1. G. 47 F Hyperthyroid, mild 0.20 35 
32 A.N. 58 F Hyperthyroid 0.20 45 
33S. GG. 46 F Hyperthyroid 0.20 63 
34 E. W. 26 M Hyperthyroid 0.20 85 
35 M.S. 29 F Hyperthyroid 0.20 73 
36 TW. 58 M Hyperthyroid 0.20 70 
37 J. K. 37 F Hyperthyroid 0.20 90 
38s ME 41 F Hyperthyroid 0.20 85 
3 CRP. 35 F Hyperthyroid 0.20 69 
40 F.R. 49 F Hyperthyroid 0.20 68 
4] A.L 59 F Hyperthyroid 0.20 97 
42 H.C 40 F Hyperthyroid 0.20 82 
48 (JF. 28 F Hyperthyroid 0.20 57 
F Hyperthyroid 0.20 77 

M Hypothyroid, mild 0.20 14 

F Hypothyroid, mild 0.20 8 

M Cretin 0.20 ia 
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averaged 235 milligrams. In these the count was a little greater than twice 
the count from 1 ml. of plasma protein prepared by the original procedure. 

In Table I the conversion ratios obtained by the original method and the 
modified method in seventeen consecutive patients are tabulated for compari- 
son. It is seen that the methods give essentially the same result. In almost 
every case the second method gave slightly higher values but in no case was 
the difference sufficient to influence the diagnosis. 

In Table II are presented the conversion ratios obtained by the modified 
method in patients with various states of thyroid activity. The doses used 
in these cases ranged from 0.05 to 0.2 me. of I’. The twenty-eight patients 
classified as euthyroid had conversion ratios between 3 and 41 per cent and, 
with three exceptions, all were less than 35 per cent. The exceptions had 
values of 35, 37, and 41 per cent. 

The sixteen patients diagnosed as hyperthyroid had ratios of 45 per cent 
or over with three exceptions of 33, 35, and 38 per cent. On reviewing the 
records of these three patients it was again thought that they were mildly 
hyperthyroid. Two of these patients have since been treated with I’*' or 
Lugol’s solution. The one receiving Lugol’s solution has shown questionable 
improvement. In the other, therapy with I’*! has been initiated only recently. 
Two patients with mild hypothyroidism and one cretin had conversion ratios 
of 14, 8, and 7. Eight patients who were considered clinically to have a nor- 
mal thyroid activity had conversion ratios under 15 per cent. 

No attempt was made to control the iodine content of the diet. It is pos- 
sible that the conversion ratio in some instances may have been lowered by 
excessive iodine intake. In so far as we were able to ascertain, none of the 
patients presented in Table II were taking potassium iodide, Lugol’s solution, 
propyl] thiouracil, or thiocyanate. 


SUMMARY 


The incorporation of orally administered inorganic radioactive iodide 
into protein-bound plasma iodine has been studied. 

A conversion ratio which may serve as an index of thyroid function is 
defined. 

The method of determining this ratio with doses of 0.05 to 0.20 me. of 
radioiodine is given. 

The conversion ratios of forty-seven patients with various thyroid states 
are presented. 
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THE USE OF RADIOACTIVE IODINE, RADIOACTIVE PHOSPHORUS, 
AND RADIOACTIVE SODIUM IN THE DETERMINATION OF 
CEREBRAL AND MUSCLE CLEARANCE 


JOSEPH B. BoatMAN, B.S., T. R. Kenprick, B.S., F. R. FRANKE, M.D., 
AND CAMPBELL Moses, M.D. 
PITTSBURGH, Pa. 


WITH THE TECHNICAL ASSISTANCE OF JOSEPH EF’. NECHAJ 


N THE recent studies of peripheral circulation by Kety’ in which radiosodium 
is injected intramuscularly, the rate of removal from the injected site is 
referred to as ‘‘clearance’’ and is considered to be a function of blood flow. 
This clearance was shown by Kety to be altered by tourniquet application and 
exercise, Franke* has shown that heat, cold, and abdominal pressure may alter 
the local clearance of radiosodium. Stone and Miller* demonstrated the negli- 
gible part lymphatic drainage and intramuscular escape play in this clearance, 
and that the decline of measurable local activity in the muscle parallels the rise 
in the blood isotope content. Cullen and associates‘ substantiated Kety’s demon- 
stration of the effect of a tourniquet on the clearance of radiosodium from the 
extremities, and Franke’ confirmed Kety’s view that the method under con- 
sideration would be applicable to the study of skin as well as muscle clearances. 
This study was undertaken to extend Kety’s original method to rats, to 
brain tissue as well as muscle, and to study clearances of isotopes other than 
radiosodium. In addition to radiosodium, Na*‘, radioiodine, I’**, and radio- 
phosphorus, P**, were selected for study. 


METHODS AND PROCEDURE 


Radioiodine, 1141, and radiophosphorus, P32, used in this study were obtained from the 
Oak Ridge National Laboratory, Oak Ridge, Tenn., and these isotopes were diluted with 
isotonic saline. No carrier iodine or phosphate was added. Na24 was prepared in the Uni- 
versity of Pittsburgh cyclotron, by the staff of the Sarah Mellon Scaife Radiation Laboratory. 
From 50 to 100 we of radioisotope were used in a volume ranging between .025 ml. and .050 
ml., and at no time exceeding 0.1 ml. in rats, or 1.0 ml. in dogs. The same preparation of 
the isotope solution was used for all animals in the same group. 

All clearances were measured by paired readings taken at minute intervals, on 4 
Tracerlab Autoscaler, model SC-1. An Amperex 1.4 mg. per square centimeter, 14 in. diameter 
thin window Geiger tube, type 201N was coupled to the autoscaler. The Geiger tube was 
shielded in 44 in. lead casing and supplied with a sleeve of 1% in. lead projecting approximately 
one half inch in front of the window, giving some element of directional counting to the 
tube. 


All the rats used were adult albinos ranging between 200 and 400 grams in weight. 
In the measurement of clearance from brain tissue intraperitoneal sodium pentobarbital or 
ether anesthesia was used. The skull was first exposed and cut transversely in a line with 
the lateral border of the orbital fissures. The points of mosquito hemostats were then 
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inserted posteriorly and the dorsal surface of the skull was removed over an area approximately 
3 sq. em. of the medial aspects of the two cerebral hemispheres. Bleeding was controlled 
before proceeding with the experiment. A tuberculin syringe containing the isotope solution 
was held in a clamp attached to a ring stand. Movement of the clamp on the rod of the 
ring stand permitted the smooth passage of the needle into and out of the brain. The 
isotope solution was slowly injected with a 26 gauge needle to a depth of 2 to 4 millimeters. 
Upon withdrawal of the needle the brain surface was carefully sponged, the shielded Geiger 
tube positioned over the area, and counting begun. 


The same procedure was employed for leg muscle clearances. Rats lightly anesthetized 
with ether or sodium pentobarbital were covered by an ¥% in. lead semicircular shell, with one 
leg exposed through a slot in the lead shell. The exposed leg was gently clamped in position, 
shaved, and the injection needle inserted laterally into the muscle bulk at the back of the 
thigh. The Geiger tube was positioned above the end of the needle before the needle was 
withdrawn. 

The dogs employed for 1131 and Na24 cerebral clearance were taken from animals con- 
fined in the isolation quarters because of respiratory infections and were not considered to be 
healthy animals. Under intravenous sodium pentobarbital anesthesia the skull was trephined 
over the lateral surface of the rostral half of the cerebrum. One of two methods was then 
followed: either the dura mater was split and, after permitting the cerebrospinal fluid to 
escape, the isotope solution was injected into the brain substance to a depth of 1 to 2 em., 
or the intact dura was penetrated with the needle during the injection. Both methods have 
shortcomings: the first permits the escape of cerebrospinal fluid, the second involves the 
hazard of piercing pial vessels on the surface of the cortex not visualized through the dura. 
All dogs in this series were sacrificed at the termination of the clearance procedure; however, 
it would be quite feasible to carry out this procedure under sterile conditions to obtain 
serial clearance studies on the same animals. 


RESULTS 
The expression of clearance in percentage activity remaining locally in 
a fixed period of time was found to be a convenient method of describing the 
effect that Kety expressed in the mathematical symbol ‘‘K.’’ The percentage 
of activity remaining (%AR) expresses equally well significant alterations in 
clearance. The calculation of clearance was recorded as ‘‘5’%AR’’ (per cent 
five minutes after the maximum count) and ‘‘10’%AR’”’ (per cent activity 
remaining ten minutes after the maximum count). The clearance expression 
“K’’ is taken from Kety’s formula: 


K — les ©, — log C, 
4343 (t = t,) 


where C, = counts per minute at first reading 
C; = counts per minute at second reading 
if = time at first reading 
ts = time at second reading 


4343 — log e to the base 10. 


The use of the highest local activity observed in calculations of %AR was 
decided upon since it was noted that there was initially an injected mass of 
radioactivity in a small area, which within a short time ‘‘flattened’’ within the 
tissue, exposing to the Geiger tube window a greater area for counting. For 
a few minutes after injection this occasionally gave an increasing activity in the 
injected area, rather than a decreasing one. 
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From Tables I and II it can be seen that there is a highly significant 
difference (p derived from the Fisher ‘‘t’’ test being less than 0.01) between 
the means of clearances of I’** and P** solutions measured either by %AR or 
K. They were significantly different whether measured in muscle or brain. 
There was no statistically significant difference between the effects of ether or 
sodium pentobarbital in these clearance studies. 


TABLE I 














BER BER 


r cant a 2 aa | NUM | 
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OF 

Jar | K | RATS | QAR | K RATS | QAR | K 
Mean Percentage Actiwity Remaining After 5 Minutes in Rats ; 

Muscle Ether 17 =65.42 .0922 12 79.33 .0482 10 =75.18 — .0586 

Muscle Sod. pent. 8 71.75  .0685 11 84.18 .033 10 . 75.62 .0573 

Cerebrum Ether 1] 68.94 0749 7 87.87 .0247 8 72.44 = .0683 

Cerebrum Sod. pent. 1] 74.82 .0607 7 87.62 .0271 12 =82.06 0400 

Average 70.23.0741 84.75 .0332 76.32 61 
Mean Percentage Activity Remaining After 10 Minutes in Rats 

Muscle Ether 16 47.81  .0821 12 68.42 ~=.0390 1] 56.91 

Muscle Sod. pent. 8 57.88 .0565 5 80.22 .0231 

Cerebrum Ether 11 56.99  .0568 6 78.38 .0253 

Cerebrum Sod. pent. 11 59.42 .0536 7 82.07 .0196 1] ole .0356 

Average 55.52  .0622 77.27 0268 13.52 .0463- 


| OF 
SITE ANESTHETIC | RATS 




















It will be noted that I'*! was removed most rapidly from cerebral tissue, 
Na** less rapidly, and P** least rapidly. In muscle, I'** was removed more 
rapidly than P*? and Na**. No significant difference between the cerebral 
clearance of rats and dogs was found using Na** and I'*?. 


TABLE II 
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NUMBER NUMBER 
ANESTHETIC OF DOGS JAR K OF DOGS JAR | 
Mean Percentage Actwity Remaining After 5 Minutes in Dogs 
Cerebrum Sod. pent 4 65.07 .0938 5 70.74 
Mean Percentage Activity Remaining After 10 Minutes in Dogs 
Cerebrum Sod. pent 4 59.29 0568 5 50.7) 











DISCUSSION 


The mean muscle clearance of Na?‘ in eight human subjects expressed as K 
values was reported by Kety to be 0.050, by Stone and Miller on eleven dogs 
as 0.051, and by Franke on twenty-five dogs as 0.0534. The mean clearance of 
Na** in this study for a five-minute interval was 0.0561 on forty rats and for a 
ten-minute interval was 0.0463 on twenty-two rats. These means inelude both 
cerebral and muscle clearance rates. On the basis of these results it is considered 
that a normal clearance rate of Na** could be anticipated to fall between 0.0450 
and 0.0550. There was a marked difference in the clearance rate when measured 
over the decline of the first five minutes as compared with the decline measured 
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over the first ten minutes. The increased turgescence of the interstitial space 
due to the suddenly increased volume of fluid, while minimal, may either 
heighten dispersion via interstitial routes or increase flow into venous return 
routes. Such an effect would decrease as the heightened pressure was relieved. 
Since the slopes of the first five-minute period are almost always sharper 
(clearance more rapid) and the slopes of the second five-minute period (clear- 
ance less rapid), this effect might be a function of the increased tissue turgidity, 
It is to be noted that equilibrium is not established in this time interval and the 
injected areas demonstrate an exponential decrease in concentration with time. 
No analysis was attempted on these differences because it was felt that the 
difference of rate of clearance between the first measured period and the second 
longer period may partially be the effect mediated by a mounting background, 
where the circulation having removed the radioisotope from the injection site 
may be returning it with the continued circulation of blood. With radioiodine, 
the thyroid gland may remove enough iodine from the blood to significantly 
reduce recirculation. 


SUMMARY AND CONCLUSIONS 


A method derived from the technique of Kety for measuring muscle and 
cerebral clearance using I'*', P*?, and Na** is described. 

The order of decreasing rapidity of clearance in brain and muscle was 
| >Na?4 > P*2, 

The expression percentage activity remaining at a stated time provides as 


valid statistical data of clearance measurements (5’ %AR; 10’ %AR) as K slope 
constant determinations. 

On the basis of this evidence, it is suggested that I’*t may be used in local 
tissue clearance determinations instead of Na?* where its ease of handling and 
longer half-life are advantageous. 
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STUDIES ON L-NOR-EPINEPHRINE: RELATION OF DOSAGE TO 
PRESSOR AND BRADYCARDIA EFFECT 
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HE biologic importance of the primary amine nor-epinephrine in relation 

to sympathin E,'> pheochromocytoma,” * and to the formation of epine- 
phrine* * has been studied extensively. The marked pressor effect of this sub- 
stance has suggested its clinical use.!° There have been but few investigations 
concerning its therapeutic administration, however, and, accordingly, this study 
of the intensity of action of nor-epinephrine in normal man was made. 


METHODS 


Thirty-five studies were made on twenty-six normal adult individuals, twenty-one men 
and five women. A simple explanation of the procedure to be performed was presented to 
each in order to remove, in so far as possible, anxiety and fear. Following a one-half hour 
rest in a quiet room, the blood pressure and pulse were recorded by clinical means at 
minute intervals. 

When these observations remained at a steady level, an antecubital vein was punctured 
and the beginning of the injection delayed until it was ascertained that the resting state had 
not been disturbed. In one-third of the experiments a slow intravenous infusion of saline 
was started at the beginning of the resting period and subsequently the injection was made 
into the lumen of the tube. The systolic pressure elevation and mild tachycardia associated 
with the fear reaction to the sight of the syringe was allowed to subside prior to the beginning 
of the nor-epinephrine administration. A freshly made solution of I-nor-epinephrine diluted 
to 10 ¢.c. by normal saline was then evenly injected into the vein of the free arm at the rate 
of 2 ¢.c. per minute over a five-minute period. The blood pressure and pulse recordings were 
continued during and after the injection. Four different total dosages were employed: 0.1 
mg., 0.07 mg., 0.05 mg., and 0.035 mg. This is equivalent to the administration of 0.02, 0.014, 
0.01, and 0.007 mg. per minute respectively. 


RESULTS 

Irrespective of the dosage the only response obtained consisted of elevation 
of the blood pressure and slowing of the heart rate. Both systolic and diastolic 
pressures quickly rose to a steady level and remained elevated for the duration 
of the injection. This was accompanied by a sense of deep pressure in the 
epigastrium and associated heavy breathing. The change in the pulse pressure 
during the hypertension was negligible. At the time of the maximum recorded 
systolic elevation the group mean increase in pulse pressure was only 2.8 mm. 
of mercury. The heart rate decreased gradually, with the full effect reached in 
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a mean time of 3.0 minutes. Forty beats per minute, the slowest in this series, 
was observed in four individuals, two of whom received a total of 0.1 mg. of the 
drug. The third received 0.07 mg., while the fourth, a man of 82 kilograms, 
received the smallest dose, 0.035 milligrams. Following cessation of the injection 
the aftereffect invariably consisted of a direct return to prior resting levels 
within an average time of 1.6 to 5.0 minutes respectively for the smallest and 
largest doses. No toxie or untoward reactions were encountered in this study. 
The effect on the blood pressure and pulse of the four dosages investigated is 
presented in Table I. 


TABLE I. EFFECT OF DOSAGE OF L-NoOR-EPINEPHRINE UPON BLOOD PRESSURE AND HEART RATE 








0.007 MG./MIN.|0.01 MG./MIN. |0.014 MG./MIN.| 0.02 MG./MIN. 





(10 CASES) (10 CASES) (9 CASES) (6 CASES) 
Mean of maximum systolic 16.2 mm./Hg 13.2 21.1 41.5 
elevation 
Mean of maximum dia- 13.5 mm./Hg 18.3 20.0 27.0 
stolic elevation 
Range of maximum systolic 5-22 mm./Hg 0-45 5-30 25-72 
elevation 
Mean of maximum de- ~9.3 -17.9 —17.0 —23.0 
crease in heart rate 
(beats per min.) 
DISCUSSION 


In this study of the response of twenty-six adult human beings to the 
intravenous administration of /-nor-epinephrine, the observations emphasize 
the difference between the action of that substance and epinephrine. Goldenberg 
and associates!’ have demonstrated that whereas epinephrine produces systolic 
hypertension largely through cardiac stimulation with tachyeardia and an in- 
creased cardiae output accompanied by an elevated pulse pressure, the hyper- 
tension produced by nor-epinephrine does not share these characteristics. Both 
diastolic and systolic pressures are raised by nor-epinephrine, while the pulse 
pressure is not significantly altered during this artificial hypertension even at 
the height of its production. The tachycardia seen with administration of 
epinephrine is also absent. Bareroft and Konzett'* have postulated that two 
factors are concerned in the production of the bradyeardia by nor-epinephrine : 
a direct action on the pacemaker, and, second, a reflex inhibitory action from 
its vascular pressor action. The bradycardia has not been observed in experi- 
mental animals. 

On the basis of the four doses tested, it can be seen that the effects produced 
in normal individuals by the administration of 0.02 mg. per minute are fre- 
quently severe. In one case such a dose raised the systolic pressure 72 mm. of 
mercury and this was accompanied by unpleasant subjective sensations. Ac- 
cordingly the dose range of 0.01 to 0.014 mg. per minute would seem to be 
advisable for experimental work and as the initial rate of administration. in 
therapeutic use. 
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SUMMARY 


The effect of four various rates of intravenous infusion of /-nor-epinephrin« 


upon the blood pressure and heart rate of normal adults was studied. 


The results indicate that a dosage of 0.01 to 0.014 mg. per minute is 


optimum for the avoidance of an excessive reaction. 


The l-nor-epinephrine was kindly furnished by Prof. U. S. von Euler of the Karolinska 


Institutet. 
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POTENCY VARIATION IN RABBIT LUNG 
THROMBOPLASTIC SUSPENSIONS 


S. GotLus, A.B., FRANK E. KApuan, B.S., AND Davip R. MERANZE, M.D. 
PHILADELPHIA, Pa. 


HE thromboplastic suspensions routinely used in clinical laboratories are still 

poorly understood. They seem to be complex mixtures of activators and 
inhibitors yielding results, which may vary from day to day and which often 
are not strictly comparable from laboratory to laboratory.1 One known source 
of variation, a change in potency of the thromboplastic powders upon ageing, 
was observed during the investigation of an apparent synergism of lung and 
brain thromboplastie suspensions.? This was especially striking in the case of 
certain samples of rabbit lung powder, a source of thromboplastiec material now 
being widely used. It is the purpose of this report to record the extent and 
some aspects of this potency variation. 


MATERIALS AND METHODS 


Thromboplastic Powder.—Rabbit lung powder, prepared essentially according to Scher’s 
method,> was made from rabbit lungs collected in cold water, stripped of large vessels, 
macerated in a Waring Blendor, air dried and kept in a refrigerator at 8° C. Details of 
preparation of rabbit brain thromboplastin and subsequent treatment have been described.4 

Thromboplastic Suspension.—Suspensions obtained by saline extracts of the thrombo- 
plastic powders were used on the day of extraction, then discarded. 

Plasma.— 

(1) Normal Plasma: Nine volumes of normai human blood obtained by venipuncture 
was mixed with 1 vol. of 0.1 molar sodium oxalate (Na,C,O,) solution. Plasma was obtained 
by centrifugation. 

(2) ‘* Prothrombin-Free’’ Plasma: This was made by critical adsorption? of normal 
human plasma with tricalcium phosphate suspension [Ca,(PO,),]. 

(3) Various Prothrombin Percentage Plasmas: These were made by appropriate mix- 
tures of normal and prothrombin-free plasmas. 

Clotting Time Determinations.—Our modification+ of the one-stage method was used. 
Plasmas to be tested were kept in an ice water mixture before use, usually one hour and 
not more than three hours, after collection of blood. 

Glassware.—All glassware was cleaned with dichromate-sulfuric acid; then thoroughly 
rinsed in tap water and distilled water and dried in a hot air oven, 


RESULTS 
Fig. 1 represents the data obtained with approximately one-third, or five, 
of our lung powders to date. It is seen that the clotting times of freshly made 
lung thromboplastie suspension and plasmas of various prothrombin concentra- 
tions reached a minimum after about one week’s ageing of such lung powders 
and thereafter became longer. The change in clotting time was greater in 
Magnitude with lower prothrombin concentrations. 





From the Research Department of the Mount Sinai Hospital. 
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Those powders which did not exhibit this biphasic variation in potency 
upon ageing gave fairly constant clotting times of 10 to 12 seconds for 100 
per cent prothrombin concentration and 25 to 30 seconds for 10 per cent 
prothrombin concentration over a period of about two weeks. 
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Fig. 1.—Graph showing clotting time variation with age of lung powder. 


Fig. 2 presents examples of the prothrombin time curves observed with 
different lung suspensions made from the variable type of lung powder described 
in Fig. 1. The curves represent data of several experiments in which many 
different lung powders and normal plasmas were used. 

It is seen that when the curves are adjusted* so that their 100 per cent 
prothrombin clotting times coincide (13.0 sec.), the clotting times in the lower 
prothrombin concentrations do not coincide. Instead, for a given prothrombin 


*Curves are adjusted as in the Quick one-stage method: to each clotting time. 
with a particular thromboplastic suspension is added or subtracted the number ot! 
needed to adjust the ‘‘control’’ (100 per cent prothrombin plasma) to 13.0 seconds. 
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concentration, there are graduated differences in the clotting times obtained 
with different thromboplastie suspensions. These differences are greater at 
lower prothrombin concentrations. 
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CLOTTING TIME CURVES 
OBTAINED WITH DIFFERENT 
LUNG SUSPENSIONS 
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Fig. 2.—Graph showing clotting time curves obtained with different lung suspensions. 


1 
y DISCUSSION 

Two types of lung thromboplastic powders were obtained from rabbit lung, 
it though the technique of preparation was thought to be similar in all respects. 
or Two-thirds of the powders investigated remained stable for a period up to two 
in weeks, yielding reproducible clotting times for all prothrombin concentrations 
A during this period. The second type, representing about one-third of powders 


Prepared to date, exhibited a biphasic potency variation with ageing of the 
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refrigerated powder (8° C.). The clotting power of such material reached a 
maximum in about a week’s time and thenceforth declined. The change in 
clotting time with ageing was much more pronounced with lower prothrombin 
concentrations. 

Though its cause is not understood, it is felt that this phenomenon has an 
important bearing on the one-stage ‘‘prothrombin’’ assay method. At present, 
the one-stage method attemps to take account of the variability of thromboplastic 
suspensions by adjusting its clotting time with a ‘‘normal’’ plasma (100 per 
cent prothrombin) to a fixed standard. With the Quick method this standard 
time is 13.0 seconds. This same correction is then made for all the clotting 
times obtained with that thromboplastic suspension. The corrected time is used 
to convert clotting time to percentage prothrombin. The underlying assumption 
for this procedure is that all the thromboplastic suspensions employed give the 
same prothrombin percentage-clotting time curve, and that different thrombo- 
plastic suspensions merely effect a displacement of the entire curve. However, 
it is seen that with at least one-third of our lung powders to date, different 
thromboplastic suspensions do not give the same curve but a family of curves 
which are not superimposable. As a consequence, it is not correct to assume 
that all thromboplastins which yield the same 100 per cent prothrombin clotting 
time, actual or adjusted, will yield the same clotting times for lower prothrombin 
percentages. This means that with the use of some thromboplastic suspensions 
at least, it is not sufficient to assay thromboplastic potency at 100 per cent 
prothrombin. It is also necessary to assay its potency with a low prothrombin 
concentration in order that the correct curve be used. 

Our experience has shown that brain thromboplastiec powders also show 
on ageing a phenomenon similar to that portrayed for lung powders in Fig. 1, 
though the magnitude of the effect is much smaller. It is therefore recommended 
that thromboplastic suspensions be characterized by two clotting times: 10 per 
cent* prothrombin clotting time as well as 100 per cent prothrombin clotting 
time. For example, the authors have used 12 to 20 secondt and 14 to 60 second 
lung suspensions and 13 to 17 second and 12 to 27 second brain suspensions. 

In the conversion of clotting time to percentage prothrombin, if a single 
standard prothrombin clotting time curve is to be used, it would be appropriate 
to use only those thromboplastic suspensions which fit the curve, i.e., give 
adjusted clotting time of 100 per cent prothrombin and 10 per cent prothrombin 
which are on that particular curve employed. If, on the other hand, it is desired 
to use all the thromboplastie suspensions prepared, one should prepare a series 
of prothrombin percentage-clotting time curves and use only the curve ap- 
propriate to the thromboplastin employed. Such a series of curves is shown 
in Fig. 2. It is necessary that each laboratory make its particular set of curves 
since materials and methods vary in different laboratories. Intermediate curves 
can be obtained by interpolation. 


*Using critically adsorbed? plasma as the plasma diluent. 
#12 seconds equals clotting time with 100 per cent prothrombin, 20 seconds equals 
clotting time with 10 per cent prothrombin, 
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SUMMARY 


Two types of lung thromboplastic powders have been obtained from rabbit 
lung, though the method of preparation was apparently the same. One type 
acted as expected, yielding fairly constant clotting times over a two-week period 
when tested with varied concentrations of prothrombin. The other type ex- 
hibited a biphasic potency variation reaching maximum clotting activity in about 
a week’s time when kept at 8° C. The change in clotting time was much greater 
when tested with plasma of lower prothrombin percentages. The bearing of 
these findings on the one-stage ‘‘prothrombin’’ assay method is briefly dis- 
cussed. The proposal is made: 

(1) That individual thromboplastic suspensions be characterized by the 
clotting times with 10 per cent prothrombin plasma as well as with 100 per cent 
prothrombin plasma. 

(2) That prothrombin percentages be estimated by use of curves known to 
be appropriate to the thromboplastie suspension employed. An example of such 
curves is included. 
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A PHOTONEPHELOMETRIC METHOD FOR THE DETERMINATION 
OF SULFATES IN BIOLOGIC FLUIDS 


L. A. Nauerskt, M.S., M.D., AaNp F. Takano, A.B. 
CHICAGO, ILL. 


HE present method is a modification of the turbidimetric method of Denis,’ 

employing the recommendations of Sheen and co-workers? and Letonoff and 
Reinhold,* with respect to the use of uranyl] acetate for the removal of phosphates 
and protein and the preparation of a stable standard barium sulfate sol. 


Apparatus.—Coleman Model 7 Photo-Nephelometer. 

Reagents.— 

Uranium acetate solution, 0.5 Gm. in 100.0 ml. of water. 

Sodium chloride-hydrochloric acid reagent, 240 Gm. of reagent sodium chloride, and 
20 ml, reagent concentrated hydrochloric acid dissolved in 1 L. of water. 

Barium chloride, Baker’s analytical reagent, 20 to 30 mesh crystals. 

Standard sulfate solution. A stock solution is prepared by dissolving 0.5437 Gm. of 
Baker’s analyzed potassium sulfate, dried to constant weight in 1 L. of water. A working 
solution is prepared by diluting 10.0 ml. of stock solution to 100.0 ml. with water. One 
milliliter of the working solution is equivalent to 1.0 mg. per cent of inorganic sulfur or 
3.0 mg. per cent of inorganic sulfate. 

All reagent solutions were filtered just prior to use. The working solution of potassium 
sulfate was made fresh every third day. The reagents, including water, contained a minimal 
amount of sulfate. 

The glassware was cleaned by means of phosphate and carbonate detergents. 

Determination of Sulfate in Normal Serum.—One milliliter of serum and 3.0 ml. of water 
were mixed in a 25 ml. Erlenmeyer flask. To the diluted serum, 3.0 ml. of uranium acetate 
solution were added slowly. The contents of the flask were allowed to stand for approximately 
thirty minutes with only gentle agitation once or twice during this period and then filtered 
through 7.0 em. Whatman No. 50 filter paper in order to remove phosphates and protein. 
When not water-clear, the filtrate was refiltered. Four milliliters of the filtrate were trans: 
ferred to a nephelometer cuvette. Sixteen milliliters of water were added, followed by 4.0 ml. 
of the salt-acid reagent. The contents of the tube were mixed by inversion. The blank con- 
tained 4.0 ml. of the salt-acid mixture and 20.0 ml. of water. A sulfate standard was prepared 
by diluting 3.0 ml. of the working sulfate standard solution to a total volume of 20.0 ml. 
with water and adding 4.0 ml. of the salt-acid reagent. Approximately 0.3 Gm.* of the 20 to 
30 mesh barium chloride crystals was added to each solution serially and immediately dis- 
solved by means of inversion of the tube. 

The solutions were left undisturbed for approximately forty-five minutes. Just before 
the nephelometric readings were made, mixing was repeated. Nephelometry and the pertinent 
calculations were carried out in the usual way. 


From the Department of Medicine, Northwestern University School of Medicine. 

Received for publication, April 12, 1950. 

*A convenient ‘‘spoon’’ for dispensing 0.3 gm. quantities of barium chloride crystals be 
be made by drilling a hole 5.0 mm, in diameter and 12.0 mm. deep into a piece of brass or Baye 
rod 6.0 mm. in diameter and 13.0 mm. deep. This cup is then fastened onto a suitable handle, 
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Determination of Sulfate in Normal Urine.—The method was the same as for serum, 
except that urine was diluted tenfold and 3.0 ml. of the phosphate-free, protein-free filtrate 
were used in place of the 4.0 ml. required in the case of serum. 


KXPERIMENTAI, 


A representative standardization curve is shown in Fig. 1. <A linear rela- 
tionship between Coleman nephelos units* and concentration of sulfate was 
always obtained. 


Coleman Nephelos Units 


2 2 A So. 7 & & 20 


milligram per cent SO, 


Fig. 1.—The sulfate standardization curve obtained with the Coleman Model 7 Photo-Nephelom- 
eter. 


The concentration of serum inorganic sulfate expressed as sulfur in normal 
individuals in our experiments ranged from 0.5 to 1.2 mg per cent. Table I 
shows that this range compares favorably with data obtained using other ac- 
cepted methods for this determination. The sulfate concentration found in 
normal spinal fluid ranged from 0.5 to 0.9 mg. per cent sulfur. 


TABLE I, CONCENTRATION OF NORMAL SERUM INORGANIC SULFATE AS DETERMINED BY 
VARIOUS INVESTIGATORS 








PRECIPITATING PER CENT 
AUTHOR AGENT METHOD s 

Denis! Barium Turbidimetric 0.5-1.0 
Kahn and Postmontier4 Barium Volumetric 1.0-3.0 
Loeb and Benedict Barium Gravimetric 0.7-1.6 
Wakefields Benzidine Colorimetric 9 
Cuthbertson and Tompsett7 Benzidine Colorimetric 
Wakefield, Power, and Keith Benzidine Oxidimetric 
Macy9 Benzidine Oxidimetric 
Hoffman and Cardon10 Benzidine Oxidimetric 
Letonoff and Reinhold Benzidine Colorimetric 0. 
Nalefski and Takano Barium Nephelometric 
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*Coleman nephelos units are arbitrary standards prepared from uncolored suspensions. 
A suspension having a light transmittance of 98 per cent is equivalent to 100 such _ units. 
imilarly a clear and uncolored solution has a transmittance of 100 per cent. The transmittance 
area between 98 and 100 per cent divided into 100 linear nephelos units. 
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TABLE II. RECOVERY oF SULFATE ADDED TO POOLED HUMAN SERA OF KNOWN 
SULFATE CONCENTRATION 


- cir ceca | SiR CENT 
| 
| 


THEORETICAL 





SERUM SULFUR SULFUR 
SULFUR ADDED FOUND THEORETICAL FOUND 
(MG.) (MG. ) | (MG. ) (MG. ) (MG. ) 
0.0300 0.005 0.0356 0.0350 101.6 
(0.0300 0.010 0.0405 0.0400 101.2 
0.0300 0.020 0.0492 0.0500 99.8 
0.0300 0.025 0.0545 0.0550 99.1 
0.0486 0.005 0.0538 0.0536 99.1 
0.0486 0.010 0.0580 0.0586 99.0 
0.0486 0.020 0.0698 0.0686 101.7 
0.0486 0.025 0.0730 0.0736 99.2 


The recovery of added sulfate was found to be 99.0 to 101.6 per cent of 
that expected for complete recovery, as shown in Table II. Two different speci- 
mens of pooled sera were used in which the sulfate content was determined 
gravimetrically. To these specimens, known quantities of sulfate as potas- 
sium sulfate was added, and the total sulfate content was then determined 
nephelometrically. 

SUMMARY 


A convenient and rapid procedure for the determination of sulfate in serum 
and urine based upon the formation of a stable barium sulfate sol is described. 
Phosphates and proteins are removed preliminary to analysis by the use of 
uranium acetate solution. A photonephelometer was used to determine the 
concentration of the nephelos formed. 

The inorganic sulfur of normal human serum determined by this method 
ranged from 0.5 to 1.2 mg. per 100 milliliters. Specimens of spinal fluid from 
normal individuals varied from 0.5 to 0.9 mg. per 100 milliliters. 
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SHIGELLA GROUPING ANTISERUMS 


Wituiam H. Ewine, Pu.D. 
ATLANTA, GA. 


HIS note is a description of the methods employed in this laboratory for 

the preparation and use of Shigella polyvalent or grouping antiserums. 

For general purposes it is advisable to have six grouping serums for 
preliminary identification of unknown cultures. These are polyvalent A (Shigella 
dysenteriae I to VII), polyvalent B (Shigella flexneri I to VI), polyvalent C 
(Shigella boyd I to VII), Shigella sonnei (mixed form I and II), Shigella 
dispar (mixed serotypes I and II), and Shigella alkalescens. Polyvalent A anti- 
serum is prepared by injecting two or more rabbits with a pooled vaccine. This 
mixed vaccine is made by pooling twenty-hour broth cultures of each of the 
seven members of group A (Ewing, 1949). Antiserums for groups B and C 
are prepared in a similar manner, i.e., with mixed vaccines. All of the types 
contained in group B (S. flexneri) are used in the preparation of polyvalent 
serum for that group since agglutinins for each of the six specific antigens 
should be present. Mixed S. sonnei antiserum is prepared from pooled twenty- 
hour broth cultures of S. sonnei form I and IT and mixed VS. dispar serum from 
mixed twenty-hour cultures of S. dispar I and S. dispar II. <A S. alkalescens 
antiserum is included with the grouping serums because of the high incidence 
of this type. 

Cultures to be used for antiserum production are plated on infusion agar 
plates. Smooth colonies which react strongly in homologous specific antiserum 
are selected for inoculation into infusion broth. After incubation for twenty 
hours, an equal volume of physiologic saline solution containing 0.6 per cent 
Formalin is added to broth cultures to be used for preparation of polyvalent A, 
B, C, and mixed S. sonnei serums. Broth cultures of S. dispar and S. alkalescens 
are heated at 100° C. for two and one-half hours to destroy L antigens which 
cause confusing cross reactions with coliform cultures that contain related 
antigens (Kauffmann, 1947, 1950). 

A subcutaneous injection of 0.5 ml. is given first. After five to seven days, 
intravenous inoculations of 0.5, 1.0, 2.0, 4.0, and 4.0 ml. amounts are adminis- 
tered at four- to five-day intervals. The animals may be test bled six or seven 
days following the last injection. Antiserums should be tested with each micro- 
organism used in preparation of the pooled vaccine. If agglutinin content for 
any of the types is low, the animals are given an additional injection of a broth 
culture of that type. When agglutinin titers for the various components are 
satisfactory, the animals are bled and the serum is preserved with an equal 
volume of glycerol. Agglutinin titers of such polyvalent antiserum need not be 
excessively high. Grouping serums are satisfactory if they agglutinate each 
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component microorganism in a dilution of 1:640 or higher. ‘he procedure out- 
lined generally yields antiserums with agglutinin content considerably higher 
than is actually needed for slide tests. It is necessary to test each antiserum 
with a living suspension of a bacterium known to contain alpha antigen (de- 
scribed by Stamp and Stone, 1944). If alpha agglutinin is present, the anti- 
serum should be absorbed with the alpha culture. 

Grouping serums may be used in the unabsorbed state if certain cross 
reactions are borne in mind and if cognizance is taken only of those reactions 
that are rapid and complete. S. alkalescens cultures react in A antiserum be- 
cause of a relationship with S. dysenteriae I. This type also agglutinates in 
B and C grouping antiserums. The reaction in B serum is caused by minor 
relationships to certain S. flexneri types, and agglutination in C antiserum is 
due to the relationship of S. alkalescens to S. boydit I and IV. Similarly, 8S. 
dispar I and II cultures are agglutinated by B and C antiserums. Certain S. 
flexneri types, particularly S. flexneri IV and the ‘‘X’’ and ‘‘Y’’ varieties, 
react in C grouping serum. S. sonnei II cultures are agglutinated by antiserum 
C because of the relationship of that type to S. boydu VI. 

If desired, A, B, and C antiserums may be absorbed to clear them of cross 
reactions. Absorption of antiserum A by S. alkalescens frees it of intergroup 
reactions. If polyvalent B serum is absorbed by S. alkalescens, S. dispar I, and 
S. dispar II, it reacts only with S. flexneri cultures. It is necessary to absorb 
antiserum C by S. alkalescens, S. dispar I, S. dispar II, and S. sonnei II to 
eliminate intergroup agglutination reactions. The other three grouping anti- 
serums are used in the unabsorbed state. 

Microorganisms suspected of being shigellae are tested first in these six 
grouping serums. If agglutination occurs, the culture may then be tested in 
appropriate type-specific antiserums. If no reaction is obtained, a suspension 
is heated at 100° C. for one-half hour, cooled, and retested in the six grouping 
serums. Thermolabile antigens which inhibit O agglutination are present in 
some cultures of certain shigellae, particularly S. alkalescens (for references, see 
Kauffmann, 1944, 1947). These antigens no longer inhibit O agglutination after 
heating. 
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PHOTOELECTRIC DETERMINATION OF PROTHROMBIN TIME 


SAMUEL LosnER, M.D., BRuNo W. Voix, M.D., Menpe. Jacosi, M.D., F.A.C.P., 
AND STANLEY NEWHOUSE, B.S. 
Brook.yn, N. Y. 


HE very extensive use of Dicumarol as an anticoagulant has made the de- 

termination of the prothrombin time an important and very widely used 
laboratory procedure. At the present time there are a number of methods em- 
ployed clinically and experimentally for measuring prothrombin, most of them 
based on the one-stage technique described originally by Quick’? or the two- 
stage method of Warner, Brinkhous, and Smith.? Because of its greater sim- 
plicity the one-stage test is more generally employed, although it leaves un- 
controlled a number of factors other than prothrombin. However, the use of 
the naked eye makes the perception of the end point frequently difficult for the 
untrained worker, particularly when the therapeutic level of Dicumarol is 
reached and the prothrombin time is prolonged. An attempt was made, there- 
fore, to render the determination of the end point more independent of the 
human eye by using the spectrophotometer. This procedure is based upon the 
fact that the increasing density of the coagulating plasma decreases the trans- 
mission of light. It was found that the end point can be easily and very dis- 
tinetly determined with this method. 


MATERIAL AND METHODS 


The prothrombin time was determined on 176 blood specimens, 12 of which were 
from patients under Dicumarol therapy, 20 from normal ambulatory individuals, and 144 
from aged people afflicted with chronic ailments such as arteriosclerotic heart disease, 
hypertensive cardiovascular disease, diabetes mellitus, Parkinson’s disease or other de- 
generative diseases of the central nervous system. Some of the patients were in moderate 
heart failure. Each plasma specimen was distributed into two tubes, one of which served 
for four determinations of the prothrombin time by the one-stage Quick method, and the 
other for an equal number of determinations utilizing the spectrophotometric technique. 
A total of 1,408 determinations are herein reported, 704 by each of the two techniques. 

The initial steps of the spectrophotometric method were identical with those of the 
one-stage Quick method up to the point where 0.1 ¢.c. of plasma and 0.1 c¢.c. of fresh 
thromboplastin were placed in a water bath at 37° C. for ten minutes. The tube employed 
was a cuvette measuring 6 mm, in diameter and 7.5 em. in length, which fitted into the 
microadapter of the spectrophotometer (a Coleman Junior spectrophotometer, Model 6A, 
was used). The cuvette containing the plasma and thromboplastin was placed into the 
microadapter and the light beam of the spectrophotometer adjusted at 100 per cent using 
4 wave length of 610 wu. Then 0.1 ¢.c. of a M/50 solution of CaCl, was blown swiftly 
with a 0.1 ¢.c. blowout pipette into the cuvette, and the stopwatch was started at exactly 
this moment. The cuvette was removed and quickly shaken three times and placed back 
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into the adapter. The light beam then moved back into the scale and came to a standstill 
to the left of the original point where it remained at rest. At the end point, the light beam 
suddenly began to move to the left, at which moment the watch was stopped and the time 
recorded. The prothrombin activity was then read from a plasma dilution chart previously 
established by using the photoelectric method. 

In this study we utilized thromboplastin from rabbit brain giving a 100 per cent 
prothrombin level of. 14.4 seconds with the one-stage Quick method and 14.2 seconds with 
the photoelectric method. Great care was taken to use only freshly made reagents. Sodium 
oxalate, sodium chloride, and calcium chloride solutions were discarded after forty-eight 
hours. The thromboplastin solution was freshly made every day. Greatest cleanliness of 
all tubes was found to be another prerequisite for accurate and consistent results. 





—— One Stage Quick Method 
oooee Photo -electric Method 





Prothrombin Time in seconds 
































0 2 30 4 5 6 7 8 9 «0 
Concentration of Plasma Prothrombin - % of normal 


Fig. 1.—Comparison of the concentrations of prothrombin in serial dilutions of normal plasma 
as established by the one-stage Quick and by the photoelectric method. 









Dilutions of plasma with saline were prepared from normal individuals and the pro- 
thrombin times determined according to each of the two methods. The time was plotted 
against the concentration of plasma prothrombin on the respective charts. It became 
evident that the curve obtained by the photoelectric method had a closely similar course, 
although the prothrombin activity was slightly lower for corresponding values. (Tig. 1.) 
At lower prothrombin concentrations the difference became more pronounced. 


RESULTS 

A comparison of figures obtained by each of the two methods revealed that 
the results were parallel, although the prothrombin time as well as the pro- 
thrombin activity was usually slightly shorter with the photoelectric method 
than the values obtained with the one-stage Quick technique. 

An over-all average from 176 blood specimens (from patients with or with- 
out anticoagulant therapy) gave 17.71 seconds for the one-stage Quick method 
and 17.06 seconds for the photoelectric technique. The standard deviation as 
elaborated from 704 determinations on 176 patients was 0.93 second for the one- 
stage Quick method and 0.29 second for the photoelectric method (Table 1). 
The first figure is slightly higher than the corresponding figure of 0.7 second 
reported by others.* The second figure of 0.29 second reflects a considerably 
greater accuracy and statistical consistency for the photoelectric procedure. 
If the twelve patients on Diecumarol therapy are left out, the values for the 
standard deviation are 0.28 second for the Quick method and 0.21 second for 
the photoelectric method in the group of 144 chronically ill patients. In another 
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TABLE I. COMPARISON OF MEAN VALUES AND STANDARD DEVIATIONS OF THE ONE-STAGE 


Quick METHOD AND THE PHOTOELECTRIC METHOD 























ONE-STAGE QUICK METHOD PHOTOELECTRIC METHOD _ 
STANDARD STANDARD 
MEAN DEVIATION MEAN DEVIATION 
Total of 176 cases including | 17.71 see. 0.93 see. 17.06 see. 0.29 see. 
144 chronically ill pa- (range, 13.0 (range, 12.6 
tients, 20 normal ambu- to 51.8 sec.) to 48.9 sec.) 


latory individuals, and 12 
Dicumarolized patients 
(704 determinations by 
each method) 






































144 chronically ill patients | 16.25 sec. 0.28 sec. | 15.74 see. 0.21 see. 
(576 determinations by (range, 13.9 (range, 13.4 
each method ) to 18.4 sec.) to 17.9 sec.) 
20 normal ambulatory in- 14,38 see. 0.27 see. 14.19 sec. 0.18 sec. 
dividuals (80 determina- (range, 13.0 (range, 12.6 
tions by each method ) to 15.8 sec.) to 15.4 sec.) 
12 Dicumarolized patients 40.81 sec. 1.93 see. 37.70 sec. 0.72 sec. 
(48 determinations by (range, 20.7 (range, 20.5 
each method) to 51.8 sec. ) to 48.9 sec.) 
Standard deviations obtained by applying the formula o = Z2e 


N 


group of twenty normal ambulatory individuals taken from hospital personnel, 
the standard deviations revealed a difference of 0.09 seconds in favor of the 
photoelectric method. 


DISCUSSION 


The application of the photoelectric method to the determination of pro- 
thrombin time and activity appears to be easy and accurate, and eliminates 
errors made by the naked eye. It is of particular value in patients placed on 
anticoagulant therapy because the end point in these patients with prolonged 
prothrombin time frequently is difficult to determine by the Quick method. 
Comparison of results of both techniques employed revealed slightly lower values 
for the photoelectric method as well as a lower standard deviation. The differ- 
ence in the values for the standard deviation by the Quick method and the 
photoelectric method is greatest in patients on anticoagulant therapy as seen 
in Table I. It can be concluded that the photoelectric procedure has its su- 
periority, particularly in the latter group of patients. 

The relatively high prothrombin time of 16.25 seconds by the one-stage 
Quick method and 15.74 seconds by the photoelectric method as found in the 
144 chronically ill patients seems to be explained as a phenomenon in an aged 
population such as the patients who served in this study. Further investigation 
is being carried on in this direction. This being a comparative study of the two 
methods, lt was felt that the higher prothrombin times served our purpose as 
well as lower values of normal ambulatory individuals. 

To our present knowledge the clotting of blood occurs in two stages. In 
the first, prothrombin in the presence of thromboplastin, prothrombin-accele- 
rator, and calcium is converted to thrombin. In the second stage, thrombin con- 


Yerts fibrinogen to fibrin. It was found that we can obtain-a graphic registra- 
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tion of the various processes involved in the clotting of plasma by applying the 
one-stage Quick method. It is assumed that upon the introduction of CaCl, 
into the mixture of plasma and thromboplastin the precipitated calcium oxalate 
inereases the density and thus produces a movement of the light beam in the 
Coleman spectrophotometer to the left. The standstill of the light beam is 
indicative of the completed reaction. The resumption of the movement to the 
left indicates the formation of the fibrin clot. We attempted to show this latter 
reaction graphically by coupling the two poles of the photoelectric cell ag con- 
tained in the Coleman spectrophotometer with the two poles of the first lead of 











3.0 
SECONDS 












Arrow indicates onset of fibrin formation 








Fig. 2.—Graphic registration of the clotting of plasma as obtained by coupling of the 
photoelectric cell of the spectrophotometer with the first lead of a Cambridge electrocardiograph. 
Arrow indicates onset of fibrin formation at 14.4 seconds. The preceding thirteen seconds of 
the graph, from the point at which the CaClz was added, are omitted for purposes of re- 
production of the figure. 






a Cambridge electrocardiograph. At a string tension where 1 mv gives a de- 
flection of 2 em., we obtained tracings indicating the formation of the fibrin 
clot. Fig. 2 shows that the line up to the point where the density begins to in- 
crease because of the clot formation is straight. It then rises at a sharp angle 
with the film in the camera moving at a speed of 5 em. per second for about 
four seconds until it reaches a higher plateau. It is assumed that the rise of 
the line constitutes a graphic description of the increasing density which in 
turn results from the clot formation. The photoelectric method can be used in 
any process where clotting is involved whether it is plasma or whole blood. It 
therefore is being investigated at this moment as to its application to the two- 
stage method as well as to the prothrombin determination in whole blood. 












SUMMARY 





A photoelectric technique is applied to the determination of the prothrombin 
time according to the one-stage Quick method. The results compare favorably 
with those obtained by the original technique. The mean of 704 determinations 
by this method was 0.65 second lower than that obtained from 704 determina- 
tions by the original technique. The standard deviation in this group, including 
twelve Dicumarolized patients, was 0.29 seconds by the photoelectric method as 
compared with 0.93 seconds by the original method. <A graphic picture of the 
clotting reaction is obtained by coupling the photoelectric cell of the Coleman 
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speetrophotometer with the first lead of an electrocardiograph. The resulting 
curve is caused by the increasing density and decreasing transmission of light 
at the moment of clotting. 
REFERENCES 
. Quick, A. J., Stanley-Brown, M., and Bancroft, F. W.: A Study of the Coagulation 
Defect in Hemophilia and Jaundice, Am, J. M. Se. 190: 501, 1935. 
2, Quick, A. J.: On the Quantitative Estimation of Prothrombin, Am. J. Clin. Path. 15: 
560, 1945. 
. Warner, E. D., Brinkhous, K. M., and Smith, H. P.: Quantitative Study of Blood 
Clotting, Am. J. Phy. 114: 667, 1936. 
4, Aggeler, P. M., Howard, J., Lucia, 8S. P., Clark, W., and Astaff, A.: Standardization of 
the Quick Prothrombin Test, Blood 1: 220, 1946. 














KXPERIENCES WITH THE PHOTOFLUOROMETRIC DETERMINATION 
OF QUINIDINE IN BLOOD 


Arcuik L. Epgar, M.D.,* AaNp MAurIcE SoxoLow, M.D. 
SAN FRANCISCO, CALIF. 


NUMBER of methods of measuring quinidine concentration in samples of 
biologic fluids have been described.1** Brodie and Udenfriend*® developed 
a photofluorometric method based on the measurement of fluorescence in protein- 
free plasma filtrates. They considered this to be less reliable than extraction 
methods but satisfactory for clinical purposes. Brodie and co-workers later 
described a general technique for the isolation and measurement of fluorescent 
basic organie compounds,‘ an adaptation of which> was used for the greater 
part of our work. 
It is the purpose of this paper to discuss our experiences with these two 
methods during the course of a study involving approximately 1,500 determina- 
tions of the concentration of quinidine in the blood and urine of 200 patients.’ 


METHOD 


In brief, details of these two methods are as follows. With the first procedure, de- 
proteinization is accomplished with metaphosphoric acid. The protein-free fluid is diluted 
with water and the fluorescence of the solution is measured in a Coleman fluorometer 
standardized against known solutions of quinidine. The fluorescence of a blank serum con- 
taining no quinidine and treated in the same manner as the unknown serum also is measured. 
With the second method, plasma, serum, or urine is alkalinized with 10 per cent sodium 
hydroxide and the quinidine extracted with redistilled ethylene dichloride. Redistilled absolute 
ethanol is added to minimize adsorption. Fluorescence is then measured in an aliquot portion 
of the extract acidified by the addition of a saturated solution of trichloracetic acid in 
ethylene dichloride and, as in the first method, compared with a blank and a standard. The 
data to be presented were obtained by this extraction method unless otherwise noted. The 
Coleman Bl, BIS, and PCI filters were used throughout this study. 

In using the photofluorometer, a number of minor problems may be encountered. The 
recommended method of setting the machine? is as follows. 

After the preliminary balancing and warming up, the blank solution is placed in the 
fluorometer and the indicator is brought to zero with the BLK knobs. The standard solution 
is inserted and the STD knob adjusted until the indicator reads a value consistent with the 
anticipated concentration of the sample to be examined. Unknown solutions are then placed 
in the instrument and readings are taken directly. The initial blank and standard settings, 
however, do not remain constant; frequent resettings may be necessary, sometimes between 
the reading of each unknown. This difficulty can be partially overcome by using the instru- 
ment in a slightly different manner.5 The indicator is brought to zero by turning the BLK 
knobs, the STD knob remaining at a constant setting. Readings of all solutions, including 
the blank and the standard, are then determined after setting the indicator at zero by slight 
manipulation of the BLK knobs before each reading. Readings of the unknowns must then 
be converted to net readings by subtraction of the blank from each unknown. The only 
difference, therefore, is that the fluorescence of the blank solution is subtracted from each 
reading instead of being compensated for by presetting the instrument. This technique 
circumvents frequent replacing of the tubes containing the blank and the standard solutions 
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in the machine to recheck the settings. Similar results were achieved both with presetting 
and by determining the net fluorescence. Because of the possibility of drift, however, the 
method using the difference between the blank and the unknown sample is to be preferred. 


RESULTS 


Variations in Setting of the Balance Adjustment.—In the preliminary 
balancing of the photofluorometer, the indicator is brought approximately to 
zero with the balance (BAL) adjustment and more accurately thereafter with 
the blank (BLK) controls (before each reading, if net fluorescence is being 
determined). Occasionally, however, the indicator may shift gradually, so that 
it becomes impossible to return it to zero without resetting the balance. To 
determine whether readjustment of the balance while analyses are being made 
interferes with the results obtained, readings in fifteen experiments were com- 
pared when the BAL setting was put alternately at its lowest and its maximum 


position. No essential difference was found despite these extreme variations of 
the balance. 


Stability of Quinidine Samples After Final Mixing—Perhaps 10 per cent 
of the time, the photofluorometer may be so unstable (possibly due to extraneous 
vibration) that it precludes satisfactory determinations. This may necessitate 
postponing readings temporarily. For this reason, final extracts ready for 
measurement were allowed to stand in the refrigerator for varying periods. 
With both the ethylene dichloride extraction and the protein precipitation 
procedures, no appreciable alteration in results was apparent up to six days 
after final mixing (Table I). The filtrates therefore remained stable and could 
be stored under refrigeration for reading at a convenient time. 

Filters—When the photofluorometer is used for measuring quinidine 
levels, the recommended filters are the Coleman PC! and BIS. A BI filter, 
which transmits about 30 per cent of the light passed by the BIS, is also 
available for use when concentrations are so high that readings are off the 
scale with the BIS filter. Such concentrations were encountered frequently in 
the present study. Results may be slightly different with the two filters, but in 




















TABLE I. STABILITY OF QUINIDINE CONCENTRATION IN SAMPLES AFTER FINAL MIXING 
FINAL ORIGINAL | KEPT IN REFRIGERATOR 
SAMPLES SPEC. READING | 15 MIN. | 30 MIN. | 24 HR. | 6 DAYS 
Extraction 1 5.3 5.2 5.3 5.1 5.0 
method 2 5.7 5.6 5.7 5.7 5.9 
3 3.65 3.5 3.65 3.65 3.6 
4 3.0 2.9 3.0 2.8 2.95 
5 2.6 2.7 2.8 2.6 2.7 
6 8.9 9.2 9.3 9.1 9.3 
7 3.4 3.0 3.6 3.6 300 
8 2.6 reed 2.6 3.1 3.4 
Protein: 9 5.9 er ee Te 6.0 
precipitation 10 5.4 


method 
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nine experiments in which concentrations were obtained by inserting the two 
filters in rapid succession, the average difference was 0.5 mg. per liter, the 
higher readings being found usually with the BIS filter. 

Serum Versus Plasma.—tin the present study serum quinidine levels were 
determined routinely, rather than plasma levels. In order to determine if 
there is any difference between results obtained with plasma and serum, com- 
parative analyses were carried out on serum and plasma from the same patients. 
In fifteen such experiments, only small differences in the quinidine concentra- 
tions of the two fluids were found. The average difference between the concen- 
tration in serum and plasma was 0.4 mg. per liter. 

The Effects of Delay in Determining the Quinidine Concentration.—As a 
rule, the serum was separated within a few hours and stored in the refrigerator 
until the extractions could be done. Urine was collected in twelve or twenty- 
four hour lots, the volume measured, and aliquots stored for later analysis. The 
effect of handling and storing samples in this manner was determined in twelve 
experiments. No significant decay took place; the quinidine concentration of 
serum and urine remained essentially unchanged for as long as twenty-two days 
after collection. Analyses were then carried out to ascertain whether allowing 
the serum to stand in contact with cells had any effect on the quinidine concen- 
tration. Table II indicates that unseparated blood may be stored for as long 
as eleven days without significant change in the serum quinidine level. 


TABLE IJ. Errecr or SToRING UNSEPARATED BLOOD ON QUINIDINE CONCENTRATION OF SERUM 








QUINIDINE CONCENTRATION 








INITIAL | FINAL DAYS STORED 

4.2 4.4 3 
5.2 5.5 3 
Ve f 1.8 3 
3.0 3.8 7 

10.0 10.0 a 

11.2 10.8 a 
9.1 11.2 f 

12.5 11.7 7 

1 | 13.6 7 
4.2 4.6 11 _ 





The Extraction and Deproteinization Methods Compared.—To determine 
the reliability of the two methods of analysis, a series of known concentrations of 
quinidine in plasma or serum was analyzed by both methods. The results are 
reported in Table IIT. 

It is evident that the extraction method permits satisfactory recoveries, 
particularly at the higher concentrations. At concentrations below 2 mg. per 
liter, the method is less accurate unless larger quantities of serum extract are 
used. The error with the deproteinization method is somewhat higher. 

For a further comparison of these two techniques, a series of serum samples 
from patients receiving quinidine was analyzed by both methods, The results 
are summarized in Table IV. 
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TABLE III. RECOVERIES OF QUINIDINE FroM DILUTIONS OF KNOWN CONCENTRATION 






































A, EXTRACTION METHOD (SERUM) B. PROTEIN PRECIPITATION METHOD (SERUM ) 
KNOWN CONC. | AMOUNT FOUND KNOWN CONC. | AMOUNT FOUND 
(MG./L.) (MG./L. ) Jo RECOVERED (MG./L. ) (MG./L. ) YJ RECOVERED 
25 24.6 98 25 28 112 
. 25 25 100 10 11.9 119 
25 25 100 8.0 8.5 106 
12.5 12.5 100 6.3 ion 114 
12D 12.5 100 5.0 5.0 110 
10 10.4 104 5.0 5.6 12 
10 10 100 4.0 4.4 110 
10 10 100 oo Bey f 111 
8.0 8.3 104 2.5 2.9 100 
8.0 er 96 2.0 2.2 110 
6.25 6.5 104 2.0 2a 105 
5.0 4.6 92 1.0 1.0 100 
5.0 5.4 108 1.0 al 110 
5.0 5.0 100 0.4 0.6 110 
5.0 5.4 108 5.0 5.5 110 
5.0 5.4 108 4.0 4.4 110 
4.0 3.8 95 see Sek 111 
4.0 4.2 105 a0 2.7 108 
5p ool 94 2.0 2.2 110 
a0 oo 100 
2.5 2.5 100 
2.5 2.5 100 C. EXTRACTION METHOD (URINE) 
2.0 2.1 105 50 54 108 
2.0 2.1 105 : : 
P 50 50 100 
2.0 2.1 105 i 
50 45 90 
2.0 2.1 105 . 
50 50 100 
2.0 2.2 110 
) 100 100 100 
2.0 7 85 a r 
. 100 105 105 
1.0 1.2 120 r 5 
‘ ns 100 105 105 
1.0 ibe 125 me r 
100 105 105 
1.0 1.1 110 , yo 
5 200 191 96 
0.5 0.4 80 9 
; 200 200 100 
0:5 0.5 108 r ( 
0.3 ( 99 200 195 98 
» ).4 oo 200 200 100 
0.1 0.2 200 A ‘ ( 
300 291 97 
0.1 0.1 100 ; ; ian 
300 300 100 
0,1 0.2 200 ‘ BY c 
= 300 290 97 
0.05 0.04 80 sa oR 
0.05 0.04 500 480 96 
egies 2 = 500 520 104 
Using twice the amount of serum extract 500 480 96 
4 c.c. instead of 2 e@.e. 
2.0 1.8 90 
2.0 1.8 90 
2.0 1.8 90) 
1.0 0.9 90 
, 1.0 1.0 100 
1.0 1.0 100 
0.5 0.5 100 
, 0.5 0.5 100 
0.5 0.5 100 
0.25 0.23 92 
; 0.25 0.23 92 
Dy 0.25 0.23 92 
. La eel Cg ae ee ee 
To explain the marked difference obtained with the two methods when used 
for serum from patients receiving quinidine as contrasted to serum to which 
S 


quinidine has been added in known amounts, the following procedure was 
iS carried out. Samples from several patients were pooled in order to insure 
sufficiently large amounts of serum. The pooled material was analyzed for 
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TABLE IV. DIFFERENCE IN SERUM QUINIDINE CONCENTRATION WITH THE 
EXTRACTION AND DEPROTEINIZATION METHODS 








QUINIDINE CONCENTRATION (MG./L.) 























PROTEIN PRECIP. | EXTRACTION 
METHOD | METHOD 
3.8 1.8 
8.0 5.6 
5.9 5 
5.8 2.0 
5.2 1.8 
10.4 6.2 
10.1 5.4 
9.9 7.9 
6.4 4.0 
1.9 1.3 
7.0 3.8 
10.5 5.0 
11.5 4.6 
10 4.8 
15.3 7.0 
8.3 3.3 
11.2 5.0 
9.4 5.0 
2.2 1.0 
3.1 2.5 
7.7 5.8 
6.7 3.8 
8.4 5.6 
8.6 5.0 


0.0 





0.5 










quinidine content by the extraction procedure ; the ethylene dichloride extracted 
serum was then further analyzed by the protein precipitation technique. Repre- 
sentative results are given in Table V. 

It is apparent that not all the quinidine or the metabolic breakdown products 
of quinidine were obtained with ethylene dichloride extraction. This may be 
because quinidine is bound to the plasma proteins. Precipitation of the proteins 
may then recover this adsorbed quinidine. 

Drugs.—Using the extraction method, Linenthal’ found no increase in the 
fluorescent blank in blood from patients receiving a variety of commonly used 








TABLE V. SERUM QUINIDINE CONCENTRATION OBTAINED BY DEPROTEINIZATION METHOD 
FOLLOWING THE EXTRACTION TECHNIQUE 


QUINIDINE CONCENTRATION (MG./L. ) 














| (B) 
(A) | BY PRECIPITATION OF 
BY EXTRACTION | ORIGINAL SERUM AFTER (c) BY PRECIPITATION 
OF ORIGINAL EXTRACTION WAS TOTAL OF ORIGINAL 
POOLED SAMPLE SERUM | COMPLETED A+B SERUM 
] 7.1 3.4 10.5 10.5 
2 5.4 3.0 8.4 19 
3 a f 2.4 D1 5.9 
4 4.0 2.9 6.9 6.6 
5) 1.5 2.7 4.2 +.4 
6 2.1 2.4 4.5 £.6 
7 3.3 2.6 5.9 6.1 
8 2.5 2.0 4.5 Del 
9 2.3 2.4 yf D0 
10 6.1 4.7 10.8 10.8 
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drugs, ineluding aspirin, codeine, morphine, Demerol, phenobarbital, Seconai, 
pentobarbital, thiamine hydrochloride, ascorbic acid, menadione, sulfonamides, 
penicillin, digitalis, insulin, and stilbestrol. Because no information was 
available, blood from patients who had received three of the commonly used 
diagnostic dyes was tested. It was found that no increase in fluorescent blank 


was obtained with Evans blue (T-1824), bromsulfonphthalein, or phenolsulfon- 
phthalein. 


DISCUSSION AND CONCLUSION 






It is apparent that either of the two methods of photofluorometric assay are 
suitable for clinical use. Both show satisfactory reproducibility and reliability 
as shown by the recoveries from known dilutions. The error in recovery was 
slightly higher with the deproteinization technique. 


The explanation of the differences which became evident when the two 
methods were used for actual determinations of quinidine concentration in 
patients receiving the drug is not entirely clear. It has been suggested* ” that 
the protein precipitation method fails to remove certain degradation products 
which may increase the fluorescent blank and thus give higher readings. Pre- 
sumably such products are not present when quinidine is added directly to 
dilutions in the test tube. It is possible that the precipitation of protein re- 
leases additional quinidine which may be loosely bound to the proteins and that 
the extraction technique fails to measure this fraction. 

Our experience with the photofluorometer indicates that measurement of net 
fluorescence as suggested by Linenthal® is generally more satisfactory than direct 
measurement after presetting the instrument. It should be noted that the 
discrepancy in readings with the Bl and BIS filters is not always in the same 
direction; occasionally the Bl filter gave higher readings. There was no 
uniformly constant difference between the two in a large series of readings. 

Blood to be tested for quinidine content may remain unseparated for 
approximately a week without significant variation in results. The separated 
serum may be kept for approximately three weeks without significant change. 
Urine samples also may be stored under refrigeration up to three weeks without 
Significant errors in results. Similar concentrations are found either with 
plasma or serum. 

Comparing the extraction and deproteinization methods in general, it can 
be said that the protein precipitation technique is simpler and less time con- 
suming, but also slightly less accurate, than the extraction procedure. The latter 
can be used for biologie material other than blood and therefore is better suited 
for studies involving a variety of body fluids. 


SUMMARY 





Experiences with two fluorometric methods for measuring quinidine con- 
¢entration in biologic samples are discussed. 

Both the extraction and the protein precipitation methods of Brodie and 
associates proved to be satisfactory for clinical purposes. 
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The two techniques do not yield identical results when used simultaneously. 
The deproteinization technique results in higher readings and this must be 
appreciated in comparing studies using one or the other of the two methods.* 


We are grateful to Dr. Louis Greenberg and to Miss Phyllis Waldsmith for valuable 
advice on the photofluorometric technique and for technical assistance. 
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A SYSTEM COMPOSED OF A PUMP, OUTFLOW METER, AND 
OXYGENATOR CAPABLE OF PERFUSING AN ORGAN AT 
EITHER A CONSTANT HEAD OF PRESSURE OR A 
CONSTANT RATE OF BLOOD FLOW, REGARDLESS 
OF CHANGES IN FLOW RESISTANCE 
IN THE ORGAN 
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HIS paper describes a system which may be used for either constant- 


pressure or constant-flow blood perfusion of isolated organs while measur- 
ing continuously the venous outflow. The equipment as described has satis- 
factorily measured flow rates of 2 to 600 ml. per minute continuously for as 
long as thirty-six hours. [Flows are recorded on plain white paper using ink 
recording and a vertical-writing, continuous-feed kymograph. 


A, Flowmeter.—The principal components of the flowmeter are illustrated in Fig. 1. 
Blood from the vein, the outflow of which is to be measured, drains into the receiving tube. 
It enters the bottom of the measuring tube through the stopcock (position A). As the blood 
enters, it raises the float, which, in turn, causes the pen to write an ascending line upon the 
recording paper. After an appropriate fixed interval of time, the filling phase of the cycle is 
ended and the emptying phase started by rotating the stopcock to position B. The outflow 
empties into the oxygenator through a tube which is open at its upper end. The effect of 
this arrangement is to cause the float to return to the same base line position during each 
emptying phase of the cycle. After an interval of time, approximately equal to that of the 
filling phase, the emptying phase is ended by rotation of the stopcock back to position A. 
The device operates satisfactorily with filling and emptying phases as short as 1 see. each. 
The pen movement records the total venous outflow during the sum of the emptying and filling 
phases. Flow may thus be measured for cycles as short as 2 seconds. We usually use a 6 
sec. cycle, This system is a modification of the Gaddum principle.!, 2, p 71 

The float is constructed from a thin sheet of cork and carries four pins which keep it 
centered within the measuring tube and minimize friction. The float is counterbalanced and 
depends upon the surface tension of the blood for its movement. The writing point is a stand- 
ard glass or metal ink-writing pen. The internal diameter of our most commonly used measur- 
ing tube is 22 mm. and its stroke length is 12 centimeters. This is satisfactory for rates 
of flow of 2 to 600 ml. per minute using cycles of 3 to 30 seconds’ duration. The vertical 
movement of the pointer is a linear function of the rate of flow. Therefore, calibration may 
readily be changed by integral multiples by changing the cycle to ¥%, 2 times, and so on, of 
the calibrated eycle length. Larger and smaller diameters of tube and float may also be used 
for greater or lesser flows. 

Fig. 2 presents a sample record obtained with this device when adjusted for perfusion 
at a constant head of pressure. The calibration gives the rate of flow per minute per 100 Gm. 
of tissue. The average flow for a number of cycles is obtained by measuring and totaling the 
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For an inter 





flow for each of the cycles and dividing by the number of cycles so measured. 
val of time extending over ten or more cycles, the total flow may be obtained more con- 
veniently by measuring with a planimeter the area enclosed by the peaks and the base line 
Mean flow can, of course, then be obtained by dividing the 







of the flowmeter oscillations. 
area by the length of the base. 
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Fig. 1.—Diagram of outflow meter and perfusion schema for constant-pressure perfusion. 
For explanation see text. 











B. Oxygenator.—Blood drains from the outflow tube of the flowmeter directly onto a 
20 to 25 em. tall stack of 3 mm. glass beads in a glass tube of 50 mm, diameter and then drips 
into a reservoir (Clark,3 Bornstein,t and Clark and co-workers5). Ninety-five per cent oxy 
gen-5 per cent carbon dioxide gas mixture enters the middle of the glass beads and escapes in 
both directions. The gas flow at the rate of approximately 5 to 10 ml. per minute does 
not cause foaming. This rate of flow maintains the blood at 90 per cent saturation or better 
when perfusing a 1,000 Gm. hind leg of a dog in which the flow may be 50 to 250 ml. per 
minute. Under these conditions the data on oxygen uptake reproduced in Table I have been 


noted. 
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C. Constant-Pressure Perfusion Pump.—Blood drains from the oxygenator chamber into 
the reservoir (atrium). From there it enters the bottom of the rubber pump chamber (ven- 
tricle) displacing the air from the surrounding air chamber through the lower left-hand 
tube. 
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Fig. 2.—Photographic copy of a typical record obtained while perfusing a (953 gram) 
leg of a dog with the apparatus described in Fig. 1. Top line, perfusion pressure; second 
line, record of the viscosimeter flow recorder, amplitude of the rise of the sloping line gives 
the relative fluidity; third line, the record of the blood flow from the femoral vein, the ampli- 
tude of rise gives the flow rate per minute, read from the scale at the left margin, cycle 
length = 6 sec., 0.08 wg. of B-methyl acetylcholine (Mecholyl) injected intraarterially at arrow ; 
lowest line, time in minutes; O, simultaneous ordinates, 







TABLE I 











0, UTILIZATION | A-V O02 DIFFERENCE | BLOOD FLOW WEIGHT OF LEG 




























LEG (ML./MIN.) | (VOL. %) (ML./MIN. ) (GM.) 
A 89 1.0 70 558 
B 1.54 0.8 238 1,479 

} 1.53 1.3 117 1,441 
C 0.8 0.7 117 1,441 
C 1.0 1.0 96 1,441 
C 1.24 Fe | 38 1,441 













When the pressure in the arterial perfusion tube drops below the desired value, the 
electrical contact of the pressure regulator is opened. This operates a relay which allows 
solenoid B to be released and energizes solenoid A (see Fig. 3). Air at 300 mm. Hg pressure 
then enters the air chamber of the pump through the lower right-hand tube driving the blood 
from the ventricle into the expansion chamber (aorta), i.e., systole occurs. As soon as the 
pressure in the arterial system reaches the desired level, the electrical contact of the pressure 
regulator is closed, and the pwap returns to the filling (diastolic) position. When the rubber 
balloon has expanded to capacity, inflow into the pump ceases even though the pump remains 
in the diastolic position for a prolonged interval. If the blood reservoir should become empty 
so that the pump cannot fill, air will not be pumped into the system during an ensuing systole, 
since the rubber balloon simply collapses. Occasionally the air tubes, where they are com- 
pressed by the clamp, tend to remain stuck together when the clamp is released. This can be 
prevented by dusting the inside beforehand with graphite dust. 
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When starting the system the volume of blood required to fill the aorta initially may 
empty the pump before the pressure rises sufficiently to close the contact on the pressure 
regulator. The pump would then remain paralyzed in the systolic position. To correct for 
this, a key, shown in Fig. 3, is momentarily closed. This causes the pump to go into a di- 
astolic phase. Upon releasing the key another systole occurs. This may be repeated a suf- 
ficient number of times to elevate the perfusion pressure to the desired level. Thereafter, 
the pump will operate automatically to maintain the perfusion pressure at the desired level. 
The capacity of the ventricle is made large enough (35 ml.) so that the ventricle never com- 
pletely empties at the maximum rates of flow (450 ml. per minute) encountered during per- 
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Fig. 3.—Electronic circuit for activation of the motor that rotates the stopcock of the flow 
meter, and for activation of the valves that operate the perfusion pump and the viscosimeter. 












D. The Expansion Chamber.—The expansion chamber is constructed of a glass flask. 
If the flask is small (less than 500 ml.) the systolic stroke volume of the pump upon entering 
the flask causes a considerable rise of pressure, and, correspondingly, in diastole the pressure 
falls rapidly. Thus a pulsatile pressure is obtained in the arterial perfusion system. If, how- 
ever, the air volume is large (2 L.), the stroke volume of the ventricle is readily accommodated 
by compression of the relatively large air volume and little rise of pressure occurs, thus a rela- 
tively steady or mean perfusion pressure may be obtained. Should the volume of blood in 
the reservoir become reduced to the point where the ventricle could not fill, causing the pump 
to deliver insufficient blood to the aorta, air might enter the perfusion artery from the ex- 
pansion chamber. This is prevented by the rubber valve and float which drops down and 
prevents further exit of blood when the blood in the expansion chamber decreases to a critical 
level. In earlier models in which no balloon was used in the pump and no valve was placed in 
the expansion chamber, air did occasionally enter the perfused organ because of failure of 
the pump to fill or to eject blood. The perfusion pressure is recorded with an ink-writing 


mercury manometer. 


E. Continuous Registration of Blood Viscosity—In order to obtain a con- 
tinuous record of the blood viscosity, a portion of the arterial blood is shunted 
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through an appropriate length of fine-bore capillary tubing and then into an 
outflow meter which is similar to that of the venous outflow meter, except that 
the filling cycle is 50 sec. and the emptying cycle, 10 seconds. Because of the 
much greater length of the filling cycle, the inflow tube is not clamped dur- 
ing the emptying cycle, thus flow is measured for 50 see. of each minute. The 
height of the viscosity flow record is proportional to the fluidity, fluidity = 
100 
relative viscosity © 
which the viscosity meter is calibrated. Fig. 2 shows a sample record of the blood 
fluidity, the perfusion pressure, and the venous outflow. 





Fluidity is expressed relative to that of normal saline with 


F. Electrical Circuits for Constant-Pressure Perfusion.—Fig. 3 shows the 
arrangement for rotating the stopcock of the venous outflow meter. A ro- 
tating contact is driven by a synchronous motor, so as to sweep alternately 
over the two contacts which actuate the latching relay. The contacts of the 
latter regulate the direction of current flow in the armature of the motor rela- 
tive to that in the field, so that rotation, first in one direction, then in the 
other, is obtained. The motor shaft is attached to the stopcock by a pair of 
universal joints to prevent binding of the stopeock and the angle of rotation is 
suitably limited by stops. The duration of the filling relative to the emptying 
phase of the cycle is regulated by shifting the position of one contact relative 
to the other, and the frequency of the cycles by the choice of the gears used 
in the train that connects the synchronous motor to the rotating contact. We 
found direct current most satisfactory for operating the solenoid clamps and 
valve motor; standard 110 volt A.C. units require 18 volts D.C. for this ap- 
plication. 

G. Constant-Flow Perfusion.—For experiments in which it is desired to 
keep the rate of flow constant regardless of changes in resistance to flow in the 
organ being perfused, the described equipment can be modified so as to hold the 
mean flow essentially constant by automatically varying the perfusion pressure 
as required to compensate for changes in peripheral vascular resistance or blood 
viscosity. For this purpose, two changes are made: (1) the pump is arranged 
to maintain a constant volume of blood in the perfusion reservoir, and (2) two 
additional solenoid operated valves, controlled by the rate of outflow from the 
perfused organ, allow compressed air to escape from or to enter the perfusion 
reservoir thus varying the perfusion pressure. 

The alterations in the system are illustrated in Fig. 4. Instead of the 
pump solenoids A and B being operated by the perfusion pressure as in Fig. 1, 
they are operated by the level of the blood in the expansion chamber (aorta). 
When the blood in this chamber drops below the desired level (about 50 ml.) 
the contact of the blood with the pump contact is broken, allowing solenoid 
B to open and solenoid A to close, initiating a systole. As soon as sufficient 
blood has entered the arterial system to raise the blood level up to the pump 
contact in the expansion chamber, the pump relay is again energized causing 
solenoid A to be released and solenoid B to be energized, restoring the pump 
to its diastolic state. 
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The perfusion pressure is controlled by the level of the blood accumulated 
in the flowmeter receiving tube during the emptying half of the flowmeter 
cycle. If the flow rate is in the desired range, the blood rises far enough to 
touch the lower wire in the receiving tube but not far enough to touch the up- 
per one. When this occurs both air solenoids (C and D) remain closed and 
the amount of air in the expansion chamber and, consequently, the perfusion 
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Fig. 4.—Modification of the flowmeter described in Fig. 1 so that it will perfuse an organ 
at a constant rate of flow. For explanation see text. 






pressure do not change. If the flow is greater than desired, the blood ac- 
cumulates rapidly enough in the receiving tube to touch the upper contact 
(D). This opens the air escape solenoid (D), thus reducing the perfusion 
pressure. If the flow is lower than desired, the blood does not touch the 
lower contact (C). This causes the air inlet solenoid (C) to be released mo- 
mentarily, raising the perfusion pressure. During the filling phase of the 
flowmeter the blood would of course not be touching the lower contact C, 
therefore a relay (E) is placed in the circuit. This relay is driven by an extra 
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contact on the flowmeter interval timer. The contact is adjusted so that it 
energizes relay E for a brief interval just at the end of the emptying phase of 
the flowmeter cycle, i.e., when the blood is highest in the flowmeter receiving 
tube. When this occurs the operation of solenoid C is determined by the 
height of the blood in the flowmeter receiving tube; that is, if the blood has 
risen high enough to touch contact C, solenoid C will remain closed during the 
time relay E is energized; but, if the flow rate is less than the desired rate 
the blood will fail to rise sufficiently to touch contact C, and as a consequence, 
when relay E is energized solenoid C will be released, allowing air to enter 
the expansion chamber and thus raise the perfusion pressure. Amplifiers are 
necessary to keep the blood from coagulating on these contacts. They are 
conventional circuits actuated by A.C. currents of 2.5 to 10 microamperes. 
Their circuit diagrams are given in Fig. 5. 
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Fig. 5.—Electronic circuits of each of the a amplifiers used in the apparatus diagrammed 
in Fig. 4. 





The setting of the extra timer contact and the spacing between the receiv- 
ing tube contacts ean be adjusted so that small changes in flow cause the 
solenoids to be open for only very short periods, thus causing only slight ad- 
justments of perfusion pressure with each flowmeter cycle. The amount of 
such adjustment can be further regulated by the adjustable constriction on 
the air tube which connects with the expansion chamber. In actual practice 
it has been found that flow can be kept within plus or minus 5 per cent of the 
desired rate over many hours despite wide variations in resistance to flow 
(-75 to +200 per cent of the mean resistance). With this arrangement, changes 
in perfusion pressure indicate the changes in peripheral resistance or blood 
viscosity. The flow rate may be adjusted by raising or lowering the receiving 
tube contacts, or by changing the flowmeter cycle length. A pressure regu- 
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lator is connected so as to keep the air inlet solenoid closed if the perfusion 
pressure should rise to a predetermined maximum, e.g., 180 mm. Hg. 

This system obviously will not keep up with rapid changes in resistance 
such as those produced by drugs whose effects may last for only a few flowmeter 
cycles. Drug effects may, however, be tested by temporarily converting the 
system to a constant-pressure perfusion system by clamping off the air tube 
to the perfusion reservoir, adjacent to the adjustable constriction, before the 
drug is injected. This system also will not serve to read the viscosity of the 
blood, since the head of pressure supplied to the viscosimeter is always chang- 
ing. However, a separate pressure regulator could be added for the viscos- 
imeter if desired. 


H. Preparation of Equipment.—After each experiment the equipment is disassembled, 
carefully scrubbed to remove all traces of blood, then reassembled and filled with 1:1,000 
Zephiran solution until it is next to be used. This solution may be replaced once or twice. 
Just before using, the Zephiran is drained out and the system is thoroughly flushed with 
sterile pyrogen-free saline. To further assure sterility, streptomycin, 20 mg. per 100 ml., is 
added to the blood as soon as it is drawn, and approximately one-half this amount is added to 
the system every three hours during perfusion. Air contaminants are largely excluded by the 
shape of the air vents and the use of loosely fitting dust caps wherever practical. With these 
precautions, we have been able to perfuse the hind leg of dogs continuously for as long as 
thirty-six hours without the blood developing bacterial contamination. 

I. Anticoagulant.—Clotting is prevented by adding heparin to the blood in the amount 
of 10 mg. per 100 ml. initially plus approximately 10 mg. per 100 ml. per hour thereafter. 
Coating all glass and metal parts with silicone (General Electric Dri Film No. 9987) has 
been tried but has not seemed to have had any significant effect on the perfusion. All tubing 
with which the blood comes in contact is Transflex (Irving Varnish and Insulation Co., 
Irvington, N. J.). 

J. Miscellaneous Comments.—Flow rates greater than those mentioned in this paper 
can be measured readily by using a measuring chamber and stopcocks of larger bore, We 
have also measured outflow simultaneously from two veins by using two meters, with their 
stopeocks geared together so that when one was filling the other was emptying. Both emptied 
into the oxygenator. 

The meters should be calibrated during periods of continuous flow. 
have a maximum deviation from linearity of plus or minus 1 mm. over the range of 1 to 100 
mm. deflection per cycle (0.2 to 38 ¢.c. per cycle). Repeated cycles at the same rate of flow 
yield measurements which do not vary from the true mean flow by more than plus or minus 
2 per cent. With a receiving tube having a diameter of approximately half that of the 
measuring tube we find that when the flow is suddenly varied from 0 to some value near the 
maximum per cycle or vice versa, a lag of approximately four cycles occurs before the meter 
records the true flow. However, the second cycle is within 80 per cent and the third cycle is 


Those we are using 


within 95 per cent of the final reading. 

Usually perfusion was carried out with the blood at room temperature since the hind 
leg appears to be relatively insensitive to temperature. However, perfusion temperature has 
been kept at 37° plus or minus 1° C. by applying suitable thermoregulated heating jackets to 
the reservoir, pump, and expansion chambers. 

The recording principle used in the flowmeter provides also an excellent method for 
recording continuously venous pressures, the measuring chamber being used as a manometer 


and the bottom outlet being connected directly with the vein, the valve being omitted. 


SUMMARY 


A perfusion schema is described by which an isolated organ may be per- 
fused sterilely by oxygenated blood, using either constant or pulsatile pres 
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sure. The venous outflow is measured with a modified Gaddum-type recorder 
using ink recording. Blood viscosity is also simultaneously and continuously 
recorded by a similar flowmeter system. With this system organs have been 
perfused and flow recorded continuously for as long as thirty-six hours. The 
system can be modified so as to perfuse the organ at a constant rate of flow, 
the perfusion pressure being automatically adjusted to compensate for 
changes in resistance to flow or increased viscosity. 


The authors wish to express their appreciation to Dr. J. Maxwell Little of this Depart- 
ment for the suggestion of the use of glass beads in the oxygenator and to Dr. Benjamin J. 
Lawrence, Jr., for other valuable suggestions. 
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THE ACCURACY, PRECISION, AND UTILITY OF THE SYRINGE 


AS A PIPETTING DEVICE 


RayMonp J. Dern, M.D., PH.D.,* anp THEopoRE N. PuLuMAN, M.D. 
Cuicaco, IL. 


WITH THE TECHNICAL ASSISTANCE OF HucH R. WILLiAMs, B.Sc. 


THE analysis of a series of solutions for a common constituent, the quantita- 
tive delivery of multiple units of a single reagent by conventional pipetting 
methods proves laborious and time consuming. Many reports of the advantages 
of syringe pipettes for this purpose have appeared in recent years, but such 
devices have not received wide acceptance. In general, statements of precision 
accompanying new designs have been inadequately documented, and the adapta- 
bility of the syringe to the pipetting of substances of widely differing viscosities 
and surface tensions has not been explored satisfactorily. The design and pre- 
cision of both conventional and recently developed apparatus have been re- 
viewed by Glick! (microapparatus) and by Kolthoff and Stenger? (macro- 
apparatus). 

In order to examine the reliability of this technique of pipetting, an 
analysis of certain properties of the delivery of fluid from syringes has heen 
undertaken in this laboratory. The Cornwall syringet was studied in detail, 
and a few experiments were carried out on three syringes of different design. 


MATERIAL AND METHODS 


The Syringes and Technique of Operation.—The Cornwall syringe consists of a modified 
2 cc. Luer Lok syringe set in a metal housing with ears to be grasped by the index and 
middle fingers, and a plunger, activated by the thumb which depresses the glass plunger of 
the syringe. A lock nut device adjusts the distance the plunger rises in the barrel. Filling 
is accomplished by depressing the plunger to its maximum, dipping the needle under the 
surface of the liquid to be pipetted and releasing the thumb from the plunger. A spring in 
the housing returns the plunger to the setting predetermined by the lock nut adjustment, thus 
filling the syringe. Discharge of the fluid is effected by depressing the plunger to its maximum. 
When properly executed, the sharp cutoff of the fluid can be seen in the bevel of the needle 
at the positions of filling and discharge. Before making an actual transfer, the syringe 
should be filled and emptied twice to wet thoroughly the walls of the barrel and plunger. 

To set the syringe at a given volume, the plunger stop is first adjusted so that the dark 
line on it is aligned with the desired volume mark and the lock nut is set. The contained 
volume of liquid is determined vide infra and a second delivery is made after giving the 


From the Department of Medicine, University of Chicago. 

_ This investigation was supported (in part) by a research grant from the National Heart 
Institute, United States Public Health Service and (in part) by a research grant from the 
Division of Research Grants and Fellowships of the National Institutes of Health, United 
States Public Health Service. 
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tMade by Becton, Dickinson & Co., Rutherford, N. J. 
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plunger stop one-half turn (lock nut must remain tight) either to increase or decrease the 
volume in the appropriate direction. From these observations a rough relation between the 
change in volume and degrees of rotation of the stop can be determined. Subsequent adjust- 
ments are made to bring the volume delivered within the limits of the desired accuracy. 

For volumes greater than 2 ml., the Chaney pipette* was used. This consists of a 10 ml. 
syringe with an adjustable rod attached to the plunger. In one position of the plunger, the 
rod impinges on the flange of the barrel. When rotated through 90 degrees, the plunger can 
be inserted for its full length into the barrel. In operation, an excess fluid is drawn into 
the syringe, and then discharged until the rod contacts the flange. The measured fluid is 
discharged by rotating the plunger to the second position and depressing it maximally. 

The third syringe was a tuberculint syringe modified to fit in the Cornwall housing. 
It was designed to determine the effect of a different length to bore ratio on the delivery of 
small volumes of fluid. Preliminary experiments suggest that a plain tipped syringe} of 
2 ml. capacity can be modified to replace the special Luer Lok syringe supplied with the 
housing. When used with a platinum 20 gauge needle, the syringe could be used for a wide 
variety of corrosive liquids. 

Methods.—The syringe pipette was studied from two points of view: (1) as a reliable 
instrument for pipetting operations involving the transfer of multiple units of one reagent, 
and (2) as an aliquot transfer device where a unit volume of a series of different solutions 
is to be delivered. The reliability has been assessed in terms of accuracy and_ precision. 
Accuracy is expressed as the difference between the observed mean volume of a series of 
deliveries and the desired volume. The standard error of the observed mean volume is used 
as a measure of precision. The reliability studies were divided into four groups, (1) the 
delivery of distilled water under average working conditions, (2) the influence of different 
rates of ejection and orifice sizes, (3) the delivery of liquids of widely differing viscosities 
and surface tensions, and (4) the influence of the temperature of the liquid on the volume 
delivered. 


Deliveries were made into tared weighing bottles at known temperature. The volumes 
were calculated from the weights and densities at the observed temperatures. When the 
fluid and room temperatures differed by more than 3° C., the samples were allowed to remain 
in the balance case for ten minutes in order to minimize effects of convection currents on 
the balance. The temperature in the balance case did not vary beyond 1° C. 

Because of the rapidity of filling and discharge, the possibility suggested itself that 
the syringe could be utilized as an aliquot transfer pipette for different solutions by rinsing 
the syringe with the new solution each time. The rate of decontamination by successsive 
washings was studied colorimetrically with KMnO, and with the isotope P32.§ 

The syringe was filled either with a solution containing the isotope P%2 as inorganic 
phosphate in dilute solution or with a saturated solution of KMnO,. The contents were dis- 
charged into a tube and the syringe was refilled with distilled water and emptied into a 
second tube, the needle being wiped with absorbent tissue before changing solutions. This 
was repeated for several rinses and the total optical density or radioactivity of each tube, 
after suitable dilution, was determined. The relative units of radioactivity or of dye con- 
centration were computed by assigning a value of unity to the amount contained in 1 ml. of 
the stock solutions. A Cornwall syringe set at several different volumes and a Chaney pipette, 
at 7.0 ml., were studied. In a few experiments, an attempt was made to improve the efficiency 
of rinsing by filling the syringe with air and blowing out, ten times between each rinse. A 
preliminary study of the effects of using smaller amounts of rinsing solution was carried 
out. In these, 0.5 ml. was admitted as a rinse for a 1,0 ml. syringe. 


*Made by Micro Chemical Specialties Co., Berkeley, Calif. 

_tA B-D Yale tuberculin syringe of 1.0 ml. capacity was modified to fit the Cornwall 
housing. Made by Becton, Dickinson & Co. 

tSyringe BD2Y; Becton, Dickinson & Co. 
, §The isotope studies were done through the courtesy of Dr. James Eldridge and Dr. 
460on QO. Jacobson of the Department of Hematology. 
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RESULTS 
The Delivery of Distilled Water 

Precision: The data are summarized in Table I. A high degree of precision 
was attained for several volumes ranging from 0.2 to 2 milliliters. In Experi- 
ment 1, the small air bubble which was occasionally included in filling was not 
removed. In all others, it was ejected each time. Experiments 1 and 2 were 
compared and a statistically significant difference could not be demonstrated 
between the two means nor between their standard deviations. For volumes 
of 0.2 ml., no obvious advantage could be shown to be derived from the use of 
the modified tuberculin syringe. 


TABLE IT. THE PRECISION OF DELIVERY OF DISTILLED WATER FROM FIVE SYRINGES* 








| | MEAN VOLUME OF DISTILLED | STANDARD ERROR 
NUMBER OF WATER DELIVERED OF MEAN 
EXPERIMENT SYRINGE DELIVERIES | — (ME) | MI.) 
eo a 10 (0.98209 +(),00037 
2 A 10 0.98129 +0,00042 
4 A 10 0.98181 +0.00031 
4 A 10 0.98150 +0.00028 
5 A 10 0.98116 +0.00004 
After 600 successive deliveries 
6 A 10 0.98164 +0.00004 
a_i | i 3 9.20059 +0.00024 
S B 6 0.20134 +0.00014 
9 B 6 0.20071 +0.00018 
10 3 10 0.20158 +0.00008 
: 11 } 10 ~~ 0.19897 +0.00012 
12 D 10 “1.99956 +0.00039 
13 : E 40 1.25021 +0.00029 


*Four different Cornwall syringes (A, C, D, and E) and one of the modified tuber- 
culin type (B) were studied. A 20 gauge needle and a delivery time of 0.5 to 1 sec. were 
used. The temperature of the water ranged from 20° to 24° C. 


Two other experiments (not included in Table I) were done, the first of 
which consisted in the setting of a syringe to 1.0 ml. and making ten deliveries 
as previously described. In the second, a hair line was inseribed on the barrel 
and the lock nut released. The subsequent ten deliveries were made as before 
but the plunger was moved each time and reset to the hair line by eye without 
the aid of the locknut. The mean volumes and their standard errors were 
1.00014 + 0.00021 ml. (lock nut setting) and 1.00160 + 0.00044 ml. (separate 
resettings ). 

The precision attained with the Chaney pipette, set at approximately 7 ml., 
was somewhat less than that with the Cornwall syringe. In a series of eight 
deliveries, the mean volume delivered and its standard error was 6.9040 + 
0.0012 milliliter, 

Accuracy: It was found that two or three trial adjustments would bring 
the delivered volume within the accuracy required by the Bureau of Standards,” 
(a limit of error of 0.006 ml. for pipettes up to 2 ml.). 

Syringes B, C, D, and EF were set to deliver volumes of distilled water 
(within the Bureau of Standards tolerance) of 0.2, 0.2, 2.0, and 1.25 ml. 
respectively. 

















ACCURACY, PRECISION, AND UTILITY OF SYRINGE AS PIPETTING DEVICE 497 


The syringe can be taken apart for cleaning the barrel and plunger without 
disturbing the lock nut. In Experiments 3 through 10, the barrel and plunger 
were cleaned and reassembled between each set of ten deliveries. No alteration 
of delivered volume or of precision can be shown to be introduced by this 
procedure. 


Factors Influencing Delivered Volume 


Rate of Ejection and Orifice Size: Table II summarizes the results of 
representative determinations. When an 18 gauge needle was used, the volumes 
delivered were independent of rate of ejection for delivery times of 1 see. or 
longer, but rapid ejections (0.5 see.) delivered a larger volume with less pre- 
cision. With a 20 gauge needle, accuracy and precision were affected only with 
very high rates of ejection (0.25 sec.). At comparable speeds of delivery the 
data for the 24 gauge needle indicate a dependence of delivered volume on 
ejection time. 


TABLE IIT, THE EFFECT OF ORIFICE SIZE AND EJECTION SPEED ON THE VOLUME AND 
PRECISION OF DELIVERY OF DISTILLED WATER* 








VOLUME DELIVERED (ML.) 











EJECTION ‘ 

TIME NEEDLE GAUGE errs RI 
( SEC.) 18 | 20 a nee 24 

cf 0.98216 + 0.00019 0.98251 + 0.00047 — 

5 — — 0.98105 + 0.00004 

2 0.98224 + 0.00019 —_ — 

1 0.98218 + 0.00054 0.98255 + 0.00024 0.97636 + 0.00076 

0.5 0.9860 + 0.0013 0.98281 + 0.00026 — 

0.25 — 0.98464 + 0.00059 — 








*Each datum represents the mean volume of five deliveries and its standard error. 


Viscosity and Surface Tension: Absolute alcohol, chloroform, and glycerine 
were selected to test the ability of the syringe to deliver constant volumes of 
liquids of different physical properties. The results are summarized in Table III. 
The observed precisions were of the same order of magnitude as obtained with 
water. The same syringe and lock nut setting were used for the last three 
experiments of Table III and indicate that the volume delivered is modified by 
the physical properties of the substance. 


TABLE III. THE PRECISION OF DELIVERY OF NONAQUEOUS SUBSTANCES 


ag “SURFACE | oe a MEAN VOLUME | STANDARD 














TENSION VISCOSITY NUMBER OF DELIVERED ERROR OF MEAN 
__ SUBSTANCE (CENTIPOISES) | (DYNES/CM.) | DELIVERIES (ML. ) (ML. ) 
Chloroform — i. °° &¢<a we aGoenee +().00033 
Glycerine 63.4 830.0 10 1.98604 +0.00028 
Ethanol 22.8 1.2 10 2.00506 +0.00043 
Distilled water 72.8 1.0 10 1.99956 +0.00039 





Temperature: Fig. 1 indicates the variation of delivered volume of distilled 
water over a temperature range of 9° to 60° C. For purposes of comparison 
with the Cornwall syringe (Fig. 1, A), a 2 ml. Normax pipette was evaluated 


in the same manner (Fig. 1, B). 
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Not only did the syringe show less variability in delivered volume, but it 
also showed less trend with temperature than did the pipette. The syringe 
delivered a mean of 2.00142 ml. (S.E. = + 0.00058), whereas the pipette de- 
livered a mean of 1.9934 ml. (S.E. = +0.0017). The difference between the 
standard deviations proved to be statistically significant as evaluated by the 
‘*7 transformation’’ of Fisher.* 
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Fig, 1.—The effect of temperature on the volume of distilled water delivered. Solid squares, 
syringe. Solid circles, pipette. 


Discussion: The fact that the volume of fluid delivered from the pipette 
showed a greater tendency to increase with increasing temperature indicates 
delivery of a more nearly constant weight of fluid (or, in the case of dilute 
aqueous solutions, a more constant amount of solute). However, this advantage 
is a spurious one because comparison of the standard deviations of the weights 
delivered by the two instruments failed to reveal a significant difference between 
them. The mean delivered weight by syringe was 1.9903 Gm. (S.E. = + 0.0036 
(im.) and by pipette, 1.9792 Gm. (S.E. = + 0.0030 Gm.). 


The Syringe As An Aliquot Transfer Pipette 

Representative data are shown in Fig. 2. The curves were fitted by inspec- 
tion, the solid line through the data of the 1.0 ml. setting; the broken line and 
dotted line connect the data of the 0.2 and 7.0 ml. volumes respectively. Several 
generalizations are suggested. (1) For all syringe volumes studied (from 0.2 to 
7.0 ml.) the amount of substance contaminating the second delivery (first rinse) 
is essentially the same. In successive rinsings up to three or four the degree of 
contamination diminishes in a roughly exponential manner. The rate of dilution 
decreases on further rinsings. (2) With larger syringe volumes, the rate of de- 
contamination is more rapid, but there is no clearly defined difference between 
the 1.0 and 2.0 ml. volumes. (3) There is no demonstrable advantage in the 
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“hlowing-out” technique. (4) The preliminary studies indicate that smaller 
quantities of rinsing fluid are effective in decontaminating the syringe. (5) The 
data indicate that the rate of decontamination is fairly rapid. 

A survey of the syringe was made with an electroscope and considerable 
activity was observed along the plunger but not in the hub or needle, even after 
many rinses. 
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Fig. 2.—The rate of decontamination of a syringe by successive rinses with distilled 
water, The amount of the isotope P*? or of dye contaminating each rinse is expressed in 
relative units, the content of 1.0 ml. of stock solution having been assigned a value of unity. 
Squares, 7.0 ml. syringe. Circles, 1.0 ml. Triangles, 0.2 ml. 


Discussion: This method has been put into use in this laboratory for 
pipetting aliquots of plasma filtrates and urines for determination of inulin 
and para-aminohippuric acid. Two rinsings were found to be adequate. Aliquots 
of fourteen different samples in duplicate (twenty-eight tubes) were delivered 
in six minutes. The rate of decontamination appears to be limited by two 
Separate dead spaces. Since the degree of contamination on the first rinse is 
independent of the volume of the syringe in the range studied, it is suggested 
that the dead space in the needle and hub contains a large fraction of the total 
fluid remaining after a delivery which contaminates the next filling of the 
syringe. If this were the only source of contamination, an exponential relation- 
ship would be predicted. Since the rate of dilution diminishes on further 
rinsings, there is probably diffusion from the space between the plunger and 
barrel. This is supported by the results of the survey studies. The failure of 
the “‘blow-out’’ technique to increase the rate of decontamination is probably 
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due to the fact that the residual fluid in the needle and hub re-enters the 
syringe and adheres to the walls until the plunger is again depressed to the end 
of the barrel. 

CONCLUSIONS 


Several syringes, two of which are commercially available, delivering 
volumes from 0.2 to 7.0 ml. have been studied. These have the following advant- 
ages over the conventional pipette: (1) greater accuracy, (2) adaptability to 
other than integral volumes, (3) less dependence upon meticulous technique 
for precision, (4) speed of operation, (5) adaptability to fluids of widely 
differing viscosities and surface tensions, (6) freedom from necessity of contact 
between pipette and fluid surface or vessel wall to insure constancy of delivery 
volume, (7) constancy of volume over a wide range of temperatures. Under 
certain experimental conditions, a single syringe can be used as an aliquot 
transfer pipette for a series of different solutions. 
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INDICAN EXCRETION IN RELATION TO INTESTINAL STERILIZATION 


WILFRED E. WooLpRipGE, M.D., GEorGE W. Mast, M.D., anp 
Mary HorrMman, A.B. 
SPRINGFIELD, Mo. 


INTRODUCTION 


HE work of Mast and Harrison? showed that the combination of strepto- 

mycin with glucuronie acid could eliminate culturable bacteria from the 
contents of the lower colon. This work was confirmed by the studies of 
Pulaski? and also that of Donaldson.* Wooldridge and Mast* further showed 
that there was no significant in vitro synergism between these compounds with 
regard to their antibacterial properties. They were also able to show that the 
antibiotie effect was not due to a lowered pH caused by the glucuronie acid. 
It was, therefore, assumed that the additive effect of glucuronic acid with 
streptomycin as found in the intestinal canal could not be entirely duplicated 
in the test tube. 

Because indole-producing bacteria are chiefly Escherichia coli, but also 
include a few species of the clostridial group,’ it was thought that a drop in 
urinary indican excretion would not only indicate a satisfactory response of the 
coliform group, but would also indicate, with minimal error, the response of the 
other organisms. It has been shown that sch. coli respond with less regularity 
to the combination of streptomycin and glucuronic acid than do the enterococci 
and clostridial group. Of all the patients receiving this medication, it has been 
observed only rarely that the coliform organisms would respond to treatment in 
the presence of resistant enterococci or clostridial bacteria. 

The assumption of the drop in indican excretion was based on the commonly 
accepted concept regarding the formation of indole; namely, that it is produced 
chiefly by Esch. coli acting upon the amino acid tryptophane. The present study 
shows no correlation between the number of live organisms in the feces and the 
urinary excretion of indican (Table I). 


METHOD 


Six patients were studied, five of whom were treated for approximately two-week periods 
and the other for six days. The total daily medication in each case was 2.0 Gm. of 
streptomycin and 8.0 Gm. of glucuronolactone, given in four equally divided doses. The 


Studies, observations and reports from the Research Laboratory, St. John’s Hospital, 
Springfield, Mo., and the Department of Dermatology of the Barnard Free Skin and Cancer 
. and Washington University School of Medicine, St. Louis, Mo., service of Dr. Richard 

eiss, 

This study was accomplished under a research grant from the Commercial Solvents 
Corporation, New York, Ms 
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TABLE I. EFFECT OF IN VIVO STERILIZATION OF FECES ON THE URINARY INDICAN 
EXCRETION IN MILLIGRAMS PER 24 Hours 








AFTER THE STERILIZING 








BEFORE STERILIZATION | DURING THE STATE OF TREATMENT WAS 
PATIENT WAS EFFECTED STERILIZATION * STOPPED 
1 246+ 93 885 
2 9114 1395 1233 
3 339 256 532 
4 684 17312 1472 
5 38410 2763 4251 
6 888 1336 982 
Grand average 115 126 156 





Normal values (Sharlit) 40-150 


*Less than 10% organisms, coliforms, enterococci, and clostridia, per gram of wet stool. 
No growth of samples of the lowest dilution when subcultured on Levine’s eosin-methylene 
blue agar, Chapman’s mitis-salivarius agar, or blood agar base containing ferric chloride and 
sodium sulfite. Before and after sterilization the numbers of organisms per gram of wet stool 
were 10% to 108 for each microorganism. 

7Superior numbers refer to the number of days of observation and the number of 
analyses. 





glucuronolactone is a stable inner anhydride of glucuronic acid and is hydrolyzed to the acid 
as it proceeds through the intestinal tract. The medication was given in the form of tablets, 
each of which contained 100 mg. of streptomycin and 400 mg. of the lactone.* 

From each patient a daily stool specimen and a daily sample from a measured, pooled, 
twenty-four hour urine specimen was collected. The stool specimen was not collected under 
sterile precautions, but was voided directly into a clean container. The urine was collected 
under a layer of toluol preservative. 

A weighed amount of each stool specimen was diluted with 9 vol. of sterile distilled 
water and the fecal material was thoroughly dispersed by fifteen minutes of agitation in a 
Kahn shaker. Further dilutions of this fecal suspension then were made serially and 0.1 c.c. 
of the chosen dilutions was inoculated directly into the culture media. Each specimen was 
cultured on three types of media. Levine’s eosin-methylene blue agar (Difco) was employed 
for lactose-fermenting organisms and Chapman’s mitis-salivarius agar (Difco) for gram- 
positive cocci. A medium of blood agar base (Difco), to which was added 0.1 ¢.c. of an 8 
per cent solution of ferric chloride and 1.0 ¢.c. of a 20 per cent solution of sodium sulfite per 
10 c.c. of the base, was used for the anaerobic culture of the clostridial group. The inoculum 
was streaked evenly over the surface of eosin-methylene blue and mitis-salivarius plates. The 
inoculum for anaerobic culture was added to melted, but cooled, agar in test tubes. The test 
tubes were then rapidly rotated under a stream of cold water so that the culture medium 
became evenly spread over the inner surface of the tubes. The cotton plug was then pressed 
down into the tube, and a small piece of metallic phosphorus was added, after which a 
rubber stopper was tightly inserted into the mouth of the tube and a band of Scotch tape 
was applied as a further seal. Colonies were counted at twenty-four and forty-eight hours. 
The greatest difficulty in counting was met with the clostridial organisms because, in a few 
instances, the colonies were almost transparent instead of black as when iron sulfide was pro- 
duced. 

The quantitative indican determinations were carried out according to the method of 
Sharlit.¢ 


CLINICAL STUDIES 
Brief case histories of the treated patients accompany Figs. 1 to 6. Five 
of these were patients with ulcerative bowel lesions. The sixth patient had no 
disease. These patients were the only ones treated and were not selected because 
of their response to treatment. In each case, organisms were isolated for the 


*This material has been placed on the market by the Commercial Solvents Corporation 
under the name of Glucomycin. 





a 


* 











503 


Z 
oO 
— 
'S] 
<j 
N 
Lal 
4 
—_ 
ion] 
= 
al 
RM 
4 
< 
Z 
— 
a 
WM 
a 
>. 
v4 
_ 
oO 
BH 
Z 
© 
— 
'S 
< 
= 
= 
im 
Z 
= 
Z 
io) 
— 
> 
= 
c 
oO 
al 
a 
Z 
< 
oO 
— 
Qa 
Z 
_ 


‘[aMOq 9Y} JO sSuOTZBIOjIed SnosuBjUuOds sIdIQV]NU YUM PsIp JUusTZed 9Yy}. PUB SuT[Teae 
-uN SBM JU9UI}BI1} [TV ‘“UuOoTJOVfur AQ UTOAUIOJd|aS PUB UT]]IOTUsd PaAIoDo1 JUsT}ed 94} pue peddo\s SBM YUdUI}veI} ‘UOTIeZITeYIdsoY JO sult? 9y} 
VOC *UOTOD 94} UI dN JIYSIY SI9d.[N MOYS 0} PanuTZUOD SABI-X 3NQ ‘p91BI]O SUOTJVIBO[N Y[QISIA 9Y} JUSsI}vII} JOpUy= *yUVTI}BIT} 0} IOTUd syQUOUI 
9014} JOJ SUIOJMWIAS BIBAVS YA HOV} SI ‘STOO IATBIVD[N OYloedsuou :sisouSviIq ‘“UBUIOM plo-1ead-¢g9 “FW “Gd ‘T JUeNeQ— TL ‘Sl 


i 
“WT “SIH +O 'SOW OSZ NIDAWOLdIBIS 
‘WL'sun ¢ © 000'0S NITIDINGd 
SWve) 0-8 INDITWIONONNINTD 
SWwy9 O-% NOAWOLdaYIS 











NOLLMNG AS32401 
NI MAMOUYS ON SINIS3Nd3y Cl 
rt M0138 BTIWA ANY 


viIGivisO1 —---— 

19303083LN3 —*— * — 
SWu04N02 

ae «<< 


OOLS 13M JO WUUD UId SWSINYIYO 
"SUH b% YJd GALIYIXI NVIIGNI “SIW 




















WOOLDRIDGE, MAST, AND HOFFMAN 


D04 


: ea ; ‘ : *peSaeyosip Seam juosrjed 
oy} puB yeUuOU poIBvedde [TVA JaMOG IY ‘snontu Jo uUoaIoXe Jus}SISued OUIOS AOJ Ydsoxe posiBs[O swOodWIAS [[B@ JUsWIZVeII}? JepuyQ ‘savas 
Jyey-9uo0 pue OM} AOJ SWIOJAdWIAS BIBAIS Alo BIBpOPT ‘STIOO VBATPBaso[N Oyloodsuou :stsouseiq ‘ueuU pyjo-1eBVA-OE “TT “TT ‘%Z JUOoTReG—TZ “SLT 


SAVT 
2 i 2 - - 























AE BE dBi) I) SSF) Ta BEB GF EA SP AR] YP 0 YY AY BAY WY BY Sap BL Sp Bm BP SR) 5 A AY IF BBA i) Sg SWUYD 08 INOLIVIONONNIMNG 
SWuYd O-% NISAWOLdIYLS 
" asthe celia ax ea acelin. 4 
r Pt \ 
vIGIALSOI —-++— x 2 \ NOLLATIG 15307 
199090U31N3 -—x— x-— : J \: * Ni Hi MOU) ON SLN3S33d34 ov 
SWY0IND) ------ vee a st * 01 M0133 3NWA ANY 
- i: \— x x x x x x ri . Ol Ob 
wien ——--——i * : proc emee ie ocee oS Se oe / oO 
NV>I0NI i \ ! ty < ¢ 3 2 
t : *: i se=" 3 \ ey w 
ae \ | / \ [a Po 09 e- 
\ / |: 3 A i 4 \ Z Zz 
: % j 7 : \ —_ o 
\ é : k 0 | | \ P \ 8 N\ wm - 
\ , i ae He anit +» \ \--— [is [oe gs 
\ / x: - <S j \ / 1% 7 w 7 
\ : |: / \% | hy / * = 
\ i / \ : 4 | \ \ 5 | Om 
\ ne N / \ | / \ Fas 
\ . |: / mg / ! / \ / ” 5 >) b+) 
\ . x: / V : i] \ / \ \ oi rd ov! m 
i | / js j \ | * 4 s D> = 
\ : x / \ : Pia. / : / \ \ eco 3 o 
ie Se / + ie +. . i oe” o | Ol 
(1 tase ' 1 r i \/ \ V \ 7 m 
\ / AY / He v * 7" ra » 
47 wi ; yi \ 9?! a 09! wy 
\j ; 4 . 
\ : / ‘ = 
¥ ; \ 4 | oe 2 
we «i / * © ® 
a. ; \ ez 
x; \ ; x * ‘ ~ Ol 007 
| ¥ ‘ / ‘ z 
x: / oz 
a . 3 “Ss 
ae , fe 1 ov7 
iN: ° * oe \ d ¥ 
J . . Bresscccad tr 
cx 09% 
i/ 
j rs 
: Ol o8z 





‘EMO 94} JO BsOONUL PIA[OAUT 9} JO sDUBIBEdde [BULIOU 0} UIN}ai BV pasned puke swoydurts 
94} JO [TB Ppales[d JUSWIZBIIL “Jusseid SBA SIsOinou AjsIxuB o}IUYSp YW ‘saved J[eYy-39uo pue OM} IOJ [AMOG JY} WoOAl aSaeyosip snoonw 
pue sulpss[q ‘ured jo sulo}duiAs a19Aes Alayeispoy_ ‘“styooOId Oyloedsuou :sisousviIq ‘uReUIOM plo-1ee8A-9e “WW CIN ‘§ JUZTZVQq—'s “SIQ 


SAUG 
1€ Le of 9 GH €F tH Hw of &§ & LF § vw E F 


D 


0 


~ 
t 
e 





Swey) O'S IwOLIVTONEUNIATD 
SWwYyD Or NIDkwog3syLsS 





\ckehnduiathutadadndwhaladdctAddidudd Add AA dd kd ALAA Aa 


eee 4 eee Cee ee 8 0s —e— 208 —e- See —e— e008 $ 
’ \ 
. 
e 











STERILIZATION 


\ 


—] 
< 
Z 
_ 
iS 
RN 
oa 
Z 
— 
2° 
a 
Z 
o 
aH 
o 
= 
i} 
a 
Z 
— 


EXCRETION 
TOOLS JIM SO WUHD HFS SWSINVIYO 


‘SYHSTYIdD AILIVIXI NYVIIONI ‘SOW 


INDICAN 


widirtisort) —--—— 
1990902131N3a —*— x — NOILATIG 2S3M01 


SUMO BIWOD ****°***"s*"" NI HLMOAS ON SLN3S3UdTU 
NY>IONI— — — — Ol M0139 AMA ANY 

















*peSsiaeyosip sear yuoyeEd 
cS 3 3 *SuBe. 
PL Ch 7s ne mene sae adeore parearws esmoscuards We seeunwess Zep “ste. 


SAA tet AAd GALAISAIXST MNVIDICNI SDW 


es 








*PHUIIOU OF PEUAN{IEA BSOONUL [BJIGA BYP JO GouBsAvVOdadY SY PUL 


*yucisyeNd 


JUGCUIRBIA FUL SaBVeNtK aNoOJ AOJ SUIOVWAUIAS BIVAVS *sIgIWVWGAISD pue sIqQoo0ud OVvlvoedsuou -spsousBicd 
skva 
oe ee ) 7 | <n | a - re . a A) S 


eur pe 


“UBUIOM P][O-1BsSA-TE a “ul 


Aoaduar Qonusr 
= ‘yb VUuUeNnea—') “St 


€ tc ’ 








ee ee ee ee A Ae ee Bee hee Be tctentntetedee 





SWYYD OS IFWOLIWIONOYNINTD 
SWHYDOCP NIDKWOIS ILS 








rj oe err ere res Sie eee er er ra 


ee i a ES Ti a Di ee 
pepe Pay ee srs Sen er Toeeee, oe 
eee ea miei naan amas 








W101BLS01} —— «+> 
199020239 — *& — x — 
SWVOANIOD sorte 
NYDION! — — — = 


NOAA 159MM NI 
HLMOad ON SLNASIVIRE 
<o! MO013S 3INIWA ANY 


506 





= ‘ 
S [| z # Le ae, 
ass : 

Z ['- ors : | 

=. 2 | . || 

= 7 : : | 3% 

: ee I a 

Z i! \ / E \ 

: ej ae / : 
- o \ / .. 4 \ | ‘. \\ 


ol 


oo] 


O/ 


or 


oS! 


o/ oot 


TOOLS LIM 9 WUD YId SWSINUVDYO 
SHH OU YI CILAVINT NUMAN! ‘sous 


ost 


ol oot 








,°/ oSE 





YAT>o 


normal. 


to 


Severe symptoms for four years. The treatment 
ead 


-osa return 


ryptitis. 
*tal mouc 


of the rec 


arance 


nonspecific proctitis and c 
appe = P 


anda the 


»xaAtient, 


81-year-old woman. Diazxnosis: 
i »ved the 


much impre 


Rm. & 


Patient 4, 


Fig. 4.- 


INDICAN EXCRETION IN RELATION TO INTESTINAL STERILIZATION 507 


700 /o 


eco 10 


rN ty 
H $ 


3 


MGS. INOICAN EXCRETED PER 24 ARS 
& w 
re) Qo 
eo ° 
ORGANISMS PER GRAM oF WET STOOL 
Pa 
cy 


~ 
° 
° 
3. 
Gd 








ANY VALUE BELOW 10° — — — —— mOCAn 
REPRESENTS NO GROWTH te eee sees cesee COLIFORMS 
IN LOWEST OLUTION —K —x — ENTEROCOCCI 


CLOSTRIOIA 








a Ra, mn tot ene ete gn nes pete d FI 


Ko me Ke Oe Ke Ke KK Oe > 





STREPTOMYCIN 2.0 GRAMS 
GLUCURONOLACTOWE 8.0 GRAMS 





4a ete Le EE A Lh hhkhhhcbbahalak tet ELS 








PoLymyxiv Dp 





ZOOMGS PER 24HRS. 


WITITITTT TT YI TT TT TTT TT77T 











t' 23:4 5 © FY FY to WwW mm 13 32 


DAYS 


Fig. 5.—Patient 5, W. W., 32-year-old man. No disease. 


determination of streptomycin sensitivity before treatment was begun, and also 
when the flora had returned following treatment. Sensitivity was determined 
with a mixture of several organisms of the same species so that any resistant 
bacteria would be included in the testing if present in appreciable numbers. In 
no instance was there significant change in the streptomycin sensitivity of the 
organisms before and after treatment. 
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INDICAN EXCRETION IN RELATION TO INTESTINAL STERILIZATION 


DISCUSSION 


When this study was begun, it was hoped that indican excretion would 
diminish precipitously as the culturable organisms disappeared from the stools. 
This did not happen except in Patient 1 who was severely ill and who, at 
autopsy, showed a large amount of necrotic tissue in the bowel. If such tissue 
was capable of greatly increasing the indican excretion, it should certainly have 
happened in this instance. The most consistently high indican excretion oc- 
curred in the patient who was free of any demonstrable disease. 

With the exception of the first case, all of the patients were treated for 
sufficiently long periods of time so that the factor of storage of indoxyl sub- 
stances need not be considered. 

When indican excretion continued, unchanged, but without any organisms 
on culture, it was first supposed that the indican may arise from bacterial 
activity higher up in the gastrointestinal tract. This did not appear feasible, 
however, because it presupposed the existence of streptomycin-resistant or- 
ganisms which never were found. It is true that in the small intestine and the 
proximal colon the liquid content of the feces may substantially dilute the con- 
centration of streptomycin, and the glucuronic acid, and thus allow growth of 
organisms, but again this would be likely to induce streptomycin resistance. 
In addition, on 2 Gm. of streptomycin by mouth daily, the streptomycin con- 
tent of normal stool has been of the magnitude of 400 to 500 units per gram of 
wet stool, which would allow for much more dilution of the stool than actually 
occurs. 

In the light of these facts, it appears that indican excretion can continue 
undiminished independently of Esch. colt activity in the bowel. This may pos- 
sibly be due to bacteria, or other types of organisms not growing on the spe- 
cialized media used, which might produce the indole in question, but there is 
no reason to support such a theory. However, it does appear necessary to 
seriously question the accepted theory of ‘‘intestinal putrefaction”’ 
the degradation of tryptophane by Esch. coli. 


caused by 


SUMMARY 


A combination of streptomycin and glucuronic acid was given orally to 
a group of six patients. This group of patients was followed with quanti- 
tative stool cultures and quantitative urinary indican determinations at daily 
intervals. 

In five of the six patients it was found that the excretion of indican did 
not diminish when organisms were eliminated from the stools. 

It is apparent that the urinary indican excretion is not dependent on Esch. 
coli activity in the bowel. This necessitates some modification in the concept 
of ‘‘intestinal putrefaction.’’ 


We wish to acknowledge the kindness and cooperation of Dr. Ronald F. Elkins of 
Springfield, Mo., in allowing us to follow five of the patients included in this report. 


WOOLDRIDGE, MAST, AND HOFFMAN 
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ERYTHROCYTE SURVIVAL STUDIES IN CHILDHOOD 
I. MetHops AND GENERAL OBSERVATIONS 


EUGENE KapuaNn, M.D., ANnp WoLF W. ZuEuzeER, M.D. 
Detroit, Micu. 


WITH THE TECHNICAL ASSISTANCE OF LINDA HooGana, M.S. 


HE study of the survival of transfused erythrocytes is now a well-estab- 

lished tool in the investigation of hemolytic disturbances. It provides 
essential information regarding the physiology of erythrocytes which is not 
obtainable by measurements of cell size or shape or in vitro fragility. More- 
over, it tends to divide hemolytic disorders into those related to intrinsie ab- 
normalities of the erythrocyte and those related to extrinsic abnormalities 
affecting the destruction of normal erythrocytes.? 

Whereas the method has led to important contributions concerning the 
nature of hemolytic mechanisms in congenital hemolytic icterus,? sickle cell 
anemia,® * and other diseases,® ° it has received surprisingly little attention 
from investigators in the field of pediatrics. This series of reports deals with 
long-range studies of the anemias of infancy and childhood, and describes the 
results of approximately 100 erythrocyte survival experiments.* It includes 
observations not previously reported in Mediterranean anemia, sickle cell 
anemia, congenital porphyria, atypical forms of chronic familial hemolytic 
anemia, paroxysmal cold hemoglobinuria, and lead poisoning. 

Observations are reported on the nature of hemolytic disturbances in a 
variety of conditions, including infections, aplastic anemia, and leucemia. 
Combinations of extracorpuscular and intracorpuscular disturbances are 
demonstrated in certain chronic hemolytic anemias. A new technique is de- 
scribed to study the effect on tne human red cell of passage through normal 
subjects and through subjects with hemolytic disorders. 


METHODS 


The survival of transfused erythrocytes is determined by a modification of the Ashby 
technique of differential hemagglutination. 


1, Capillary blood is used for all determinations. 
2. Each blood sample is taken in duplicate. 


3. Powdered anti-A and anti-M sera and liquid anti-B serum are used throughout.t 


4. Saline suspensions of red cells are prepared in dilutions of 1:100 or 1:200, depend- 
ing on the expected number of unagglutinated cells. 

(a) For dried serum agglutination, one hemoglobin pipette (20 ¢.mm.) is filled with 
capillary blood and discharged into 4 ¢.c. or 2 ¢.c. of physiologic saline. 

(b) For liquid serum, 1:10 or 1:20 saline dilution of capillary blood is made in a 
white blood cell pipette. One part of the cell suspension is then diluted in 10 parts of 
liquid serum in a white blood cell pipette. 


Received for publication, May 25, 1950. 

*This work was done under a research grant from the Children’s Fund of Michigan. 
*The powdered anti-A and anti-M serum was generously supplied by Lederle Laboratories. 
Special high-titer liquid anti-B serum was generously supplied by the Blood Bank of Dade 
County, Inc., of Miami, Fla. 
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5. The method of Young, Platzer, and Rafferty’ is followed with the following modi- 
fications: 

(a) Cell-serum mixture stands at least one hour before counting. 

(b) Two sides of two chambers are counted. 

(c) If the unagglutinated cells in five squares total less than 100, the cells in the 
entire twenty-five square area are counted. 

6. The final unagglutinated cell count is derived from the average of four separate 
counts representing duplicate counts of two separate blood samples. 


7. All determinations are made by one technician. 


Serum iron is determined by a modification of the method of Barkan and Walker.’ 
The unsaturated iron-binding capacity is determined by the method of Cartwright and 
Wintrobe.® 

The mechanical fragility of erythrocytes is determined by the method of Shen and 
co-workers.19 In this laboratory values up to 10 per cent for ninety minutes of agitation 
are considered normal. 

The osmotic fragility of erythrocytes is determined by a method adapted from 
Ponder! in which pH and temperature are carefully controlled. In our extensive experi- 
ence with this method the average upper limit for hemolysis is 0.45 per cent to 0.49 per 
cent saline, and the average lower limit is 0.32 per cent to 0.28 per cent saline. 


SUBJECTS AND PROCEDURES 


Normal erythrocytes are obtained from healthy blood bank donors and are withdrawn 
into 250 ¢.c. vacuum flasks containing 40 ¢.c. of ACD solution. This blood is stored at 
4° C. until transfusion, which is usually within twenty-four hours, and in no instance later 
than seventy-two hours, after withdrawal. Erythrocytes from patients with hematologic 
disorders are obtained and used in the same manner. No untoward reaction has been ob- 
served during or following the withdrawal of blood from twenty-five children with anemia 
of varying severity. In each instance the withdrawal has been followed immediately by 
transfusion with a larger amount of normal blood. 

The normal] recipients are hospitalized infants and children convalescent from surgi- 
cal or medical illness and free of any hematologic abnormality save for occasional nutri- 
tional iron-deficiency anemia. The infant recipients are not less than 6 months of age 
and are adequately nourished and hydrated, making unnecessary corrections for significant 
expansion of blood volume during any given experiment. No individuals of blood group A: 
are used as recipients. A pretransfusion ‘‘unagglutinated cell count,’’ using the appro- 
priate agglutinating serum, is invariably performed and must yield a count not exceeding 
25,000 per cubic millimeter. 

The transfusion consists in the administration of citrated whole blood in amounts 
varying from 2 to 12 ¢.c. per pound of body weight of the recipient—the usual amount 
varies from 4 to 9 ¢.c. per pound. In the case of Group O blood being transfused into 
recipients of other blood groups, the appropriate volume of Group AB neutralizing sub- 
stance is added immediately before transfusion. Transfusions of these amounts usually 
result in intial post-transfusion donor cell counts of at least 200,000 per cubic millimeter. 

Post-transfusion counts usually are performed at daily intervals for several days and 
then at seven- to ten-day intervals whenever possible. The counts are expressed as ‘‘per 
cent’’ survival of an arbitrarily chosen ‘‘100 per cent’’ representing the initial post-trans- 
fusion concentration of donor erythrocytes. In common with other investigators using the 
differential hemagglutination method, we have arbitrarily adopted the twenty-four to 
forty-eight hour count as ‘‘100 per cent,’’ except in those instances when there is a rapid 
and continued decline in the donor cells. In such cases we adopt the earliest count as 
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‘100 per cent.’’ All subsequent numbers of donor erythrocytes are expressed as fractions 
of 100 per cent and are plotted against time in days to give a curve of erythrocyte sur- 
vival. 


OBSERVATIONS 


In Fig. 1 are presented the erythrocyte survival curves obtained when 
blood from five normal donors was transfused into five normal infants and 
children. These curves correspond to the normal survival curves observed by 
many other investigators. They are characterized by roughly linear shape, 





— 


§ 


80} 
60. 
40; 


LO 











T rT r T T T r T T Tr T T = 


/00 /20 


20° 40 ° #60 ° 80 
LOIN) OF LIP TRESS US/ON 


ALE IURVWALYE DONO CLLLS 


La) 








Fig. 1.—Survival of normal erythrocytes transfused into normal children. 


and reveal an erythrocyte half-life of 46 to 80 days and an erythrocyte maxi- 
mum life of 100 to 120 days. In common with other investigators we occa- 
sionally observe essentially normal survival curves in which there is an initial 
accelerated elimination of donor cells. This is limited to the first five to ten 
days following transfusion and does not usually exceed an elimination rate of 
2 per cent per day, as compared with the normal elimination rate of 0.8 to 1 
per cent per day. 

Normal erythrocyte survival curves were also obtained when normal red 
cells were transfused into children with sickle cell anemia, congenital hemo- 
lytic icterus, and Mediterranean anemia. (Fig. 2.) <A rapid elimination of 
donor cells was observed when erythrocytes from patients with sickle cell 
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anemia and congenital hemolytic icterus were transfused into normal recipients 
(Figs. 3 and 4). These observations are in keeping with the experience of 
other investigators. 

Among the patients with sickle cell anemia whose erythrocytes were trans- 
fused into normal recipients was an 8-year-old child whose spleen had been 
removed six years earlier for the relief of severe recurrent hemolytic crises. 
As expected, erythrocytes from this patient were rapidly eliminated following 
transfusion into a normal recipient in the same manner as red cells from other 
patients with sickle cell anemia. 
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Fig. 4.—Survival of erythrocytes from patients with congenital hemolytic icterus transfused into 
normal recipients. 


SUMMARY 
Erythrocyte survival studies, using the method of differential hemag- 
glutination on capillary blood samples, are easily performed in infants and 
children. Withdrawal of blood for survival study from children with a 
variety of hematologic disorders is not attended by any distress or untoward 
sequellae for the patient when immediate replacement is made as indicated. 
Subjects of small size are particularly suitable as recipients of tagged 
erythrocytes since small transfusions yield relatively high donor cell counts. 
The results obtained with normal subjects and with subjects with sickle cell 
anemia and congenital hemolytic icterus conform to those of previous workers 
and form the basis for the interpretation of original observations in a variety 
of hemolytic disorders in childhood. 
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ERYTHROCYTE SURVIVAL STUDIES IN CHILDHOOD 
II. Srupies In MEDITERRANEAN ANEMIA 


EUGENE Kapuan, M.D., AnD WoLF W. ZurEuzer, M.D. 
Detroit, Micu. 


WITH THE TECHNICAL ASSISTANCE OF LINDA Hoogana, M.S. 


HERE is reason to assume that the primary disturbance in Mediterranean 

anemia consists in a metabolic defect leading to faulty synthesis of hemo- 
globin rather than in a hemolytic process. The existence of a hemolytic com- 
ponent in this disease is suggested, however, by the frequency of such findings 
as increased excretion of urobilinogen, bilirubinemia, and evidence of acceler- 
ated blood regeneration. In the absence of direct evidence the hemolytic 
theory of Mediterranean anemia has been disputed on the grounds that the 
urobilinogen excretion could reflect a metabolic shunt of unused hemoglobin 
precursors: and that the pigment deposition in the viscera might result from 
inadequate utilization of iron rather than from an exaggerated breakdown of 
hemoglobin.? 

It is clear that the metabolic and the hemolytic theories are not mutually 
exclusive. Red corpuscles formed as the result of abnormal metabolic proc- 
esses in Mediterranean anemia might break down more readily than normal 
erythrocytes. 

The normal survival of normal red cells transfused into patients with 
Mediterranean anemia has been demonstrated already,’ and the presence of 
extracorpuscular hemolytic mechanisms has thus been excluded. The survival 
of cells from patients with either the frank clinical syndrome or the “carrier 
state” has not been reported yet but it has been suggested that the erythrocytes 
of Mediterranean anemia might be destroyed rapidly in vivo.* 

Accelerated hemolysis resulting from a structural defect of the red cor- 
puseles should be evident in shortening of the survival time of red cells from 
patients with Mediterranean anemia transfused into normal recipients. 
Erythrocyte survival studies should also provide information concerning the 
quality of the cells in those members of the family of patients with Mediter- 
ranean anemia whose erythrocytes exhibit persistent hypochromasia and 
poikilocytosis in the absence of anemia. 


CASE HISTORIES 


Case 1, Anthony M., 2 years old, recurrent severe anemia despite regular blood trans- 
fusions, hepatosplenomegaly, subicterus, typical bone changes. An older sister died at the 
age of 5 years of Mediterranean anemia. 


CasE 2, Mrs. M., mother of Case 1, no pallor, icterus, or splenomegaly, Clinically well. 


Case 3, Joseph B., 10 years old, chronic anemia, splenomegaly, typical bone changes, 
subicterus, stunted growth. This child is one of three affected siblings in a family with five 
children, A paternal cousin likewise has Mediterranean anemia. The patient’s condition had 
never required transfusions. 





1949 These data were presented at the Society for Pediatr c Research, Atlantic City, May 3, 


Received for publication, May 25, 1950. 
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AGE | | | | | | | 
CASE | (YR.) | HB. | R.B.c. | RETIC, | HT, SBI | SI TIBC MCV | 

1 Anthony M. ys 5.4 2.6 8 22 1.5 90 140 85 
2 Mrs. M. 10.0 5 1 39 0.6 144 300 78 
3 Joseph B. 10 9.0 5.4 3 31 1.5 120 250 58 
4 Frances B. 5 7.8 5.2 4 30 1.6 80 240 58 
5 John B. S 8.0 4.3 3 29 0.7 120 250 68 
6 Mrs. B. 11.5 4.6 4 41 90 
7 Joseph Bo. 2 5 3.7 3 23 0.4 140 280 62 
8 Mrs. Bo. 11.4 5.3 3 41 0.7 78 
9 Carolyn L. 1% 384.7 3.4 32 580 


(Iron de- 
ficiency ) 





TABLE 


MCH 


21 
20 
17 
15 
18 
25 
22 








Hb., Hemoglobin, grams per cent. 
R.B.C., Red blood corpuscles, millions per cubic millimeter. 
Retic., Reticulocytes, per cent. 

Ht., Hematocrit, venous blood. 

SBI, Serum bilirubin, milligrams per cent. 

SI, Serum iron, gamma per cent. 

TIBC, Total iron-binding capacity, gamma per cent. 
MCV, Mean corpuscular volume. 

MCH, Mean corpuscular hemoglobin. 

MCC, Mean corpuscular hemoglobin concentration. 
Sal.F., Osmotic fragility, per cent saline. 

M.F., Mechanical fragility, per cent. 

Hypoch., Hypochromasia. 


CasE-4, Frances B., 5 years old, and Case 5, John B., 8 years old, are siblings of 
Case 3 and all have virtually identical clinical and hematologic features. 

Case 6, Mrs. B., mother of CasEes 3, 4, and 5, no complaints, no pallor, icterus or 
splenomegaly. 


9 


Case 7, Joseph Bo., 2 years old, recurrent severe anemia despite transfusions every 


eight to twelve weeks, splenomegaly. Typical bone changes. 
Case 8, Mrs. Bo., mother of Case 7, no complaints, no pallor, icterus or splenomegaly. 


Case 9, Carolyn L., 18 months old, white, female, severe hypochromic-microcytic anemia. 
The diet had been virtually limited to cow’s milk. Following transfusion and iron medication 
the patient made an uneventful and complete recovery. 


OBSERVATIONS 


Erythrocytes from three patients with Mediterranean anemia were trans- 
fused into normal recipients. In one. case the survival of cells of one donor 
was determined in two separate experiments with identical results. The sur- 
vival of normal erythrocytes in patients with Mediterranean anemia was 
studied also for purposes of comparison. 

The patients were children with Mediterranean anemia with typical clini- 
cal and hematologic features of the disease. (Table I.) The family pedigrees 
are illustrated in Fig. 1. The unusual genetic features of this inheritance will 
be fully discussed in a separate paper. 

The curves obtained when blood from the patients with frank Mediter- 
ranean anemia (Cases 1, 3; and 4) was transfused indicate that in each case 
‘apid initial elimination of the transfused red cells as compared 
Between 25 and 


‘ 
c 


there was 
with the behavior of cells from normal individuals (Fig. 2). 


50 per cent of the transfused cells disappeared in the first twenty to thirty days 
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OH MCC SAL, F. M.F, | POCH, | CYTOSIS |CYTOSIS| CELLS | CELLS R.B.C. MEGALY | CHANGES 
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() 26 45-.25 3% + as + 0 0 0 0 0 
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5 26 .42-.18 +++ +++ ++ of + 0 ++ sok 
1g 27 .00-.15 +++ +++ ++ ae + 0 ++ rors 
5; 28 45-.25 + + + 0 0 0 0 0 
3 22 .47-.18 9% +++ +44 +++ + + + +++ + 
9 28 45-.25 + + + 0 0 0 0 0 
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Fig. 1.--Pedigrees of Families M., B., and Bo. 
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Fig. 2.—The survival of erythrocytes from patients with Mediterranean anemia (Cases 
1, 3, and 4) and a patient with hypechromic microcytic anemia of iron deficiency (Case 9) 
transfused into normal recipients, The survival of erythrocytes from Case 1 was determined 
in two separate experiments. 

The broken line represents the theoretical normal curve of erythrocyte survival. 
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Fig. 3.—The survival of normal erythrocytes transfused into patients with Mediterranean 
anemia. 
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during which the rate of fall was linear but accelerated. In the subsequent 
period the slope of the curve roughly paralleled the normal rate of fall. The 
mean half-life of the transfused erythrocytes was 25 days as compared with a 
mean half-life of 62 days obtained with normal erythrocytes. 

The survival time of normal erythrocytes transfused into patients with 
Mediterranean anemia (Cases 5 and 7, Fig. 3) was normal, confirming previous 
reports. 
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Fig. 4.—The survival of erythrocytes from donors with the “carrier state” of the Mediterranean 
syndrome transfused into normal recipients. 





In addition to patients with frank Mediterranean anemia, three mothers 
of such children, each exhibiting the hematologic picture characteristic of the 
carrier state of the Mediterranean syndrome, were studied. These women 
(Cases 2, 6, and 8) had no symptoms referable to anemia, no icterus, pallor or 
splenomegaly, but their erythrocytes were characterized by persistent hy- 
pochromasia, poikilocytosis, and slightly increased resistance to hypotonic 
saline. The serum iron level of 144 gamma per cent determined in one mother 
(Case 2) confirms the assumption that the blood reflected an endogenous mech- 
anism rather than an iron-deficiency state. 

In the case of each of the three mothers the survival of the transfused 
erythrocytes in normal recipients was normal. (Fig. 4.) The half-life was 42 
to 50 days, values all within the normal range. 

For purposes of comparison, the survival time of the red corpuscles from 
a patient with severe hypochromic-microcytic anemia of the iron-deficiency 
type also was determined. This was done because Mediterranean anemia and 
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hypoferric anemia have in common a low corpuscular hemoglobin content and 
many morphologic similarities. 

The survival of the cells of the iron-deficient individual followed the normal 
pattern with a half-life of 42 days. (Fig. 2.) 


DISCUSSION 


The existence of a hemolytic component in Mediterranean anemia is con- 
firmed by these studies. The shortened survival of erythrocytes from these 
patients transfused into normal recipients and the normal survival of erythro- 
cytes from normal donors transfused into patients with Mediterranean anemia 
indicate a hemolytic mechanism due to an intracorpuscular erythrocyte defect. 
This defect is not apparent in patients with the carrier state of the disease and 
it is not related to a simple quantitative deficit in erythrocyte hemoglobin 
since it was shown that the erythrocytes from a patient with severe iron- 
deficiency anemia had normal survival. 

The observation that only a certain fraction of the erythrocyte population 
transfused from patients with Mediterranean anemia is eliminated with abnor- 
mal rapidity is in contrast to the behavior of erythrocytes in other hemolytic 
syndromes associated with intracorpuscular erythrocyte abnormalities. For 
example, the survival curves of transfused erythrocytes from patients with 
sickle cell anemia® ° or congenital hemolytic icterus’ are characterized by a 
more rapid elimination of a greater portion of the transfused cells. The dif- 
ference in the shape of the survival curves suggests that the mechanism of 
erythrocyte destruction in Mediterranean anemia differs essentially from that 
in these other hemolytic anemias. 

The precipitous elimination of only a part of the transfused erythrocytes 
contrasted with a normal rate of disappearance of the remainder might indi- 
cate that the structural abnormality responsible for the accelerated destruc- 
tion is more fully developed in some cells than in others. For example, if only 
the more grossly deformed cells were subject to rapid “hemolysis” under the 
conditions of the experiment the expected shape of the survival curve should 
conform to that observed by us. The extreme poikilocytosis characteristic of 
Mediterranean anemia thus offers a possible basis for the hemolytic process. 

The demonstration of normal erythrocyte survival in a case of hypoferric 
anemia with a fair degree of poikilocytosis suggests, however, that the deform- 
ity of the erythrocytes, if indeed it plays any part at all, is not the sole factor 
determining erythrocyte survival in Mediterranean anemia. Perhaps a defect 
in the ultrastructure or composition of the erythrocytes is associated with 
varying degrees of gross deformity, and the basic defect when accompanied by 
marked shape anomalies leads to accelerated destruction. This hypothesis 
would explain the normal survival time of erythrocytes from individuals with 
the carrier state whose erythrocytes show only minimal degrees of poikilocy- 
tusis, the shape of the survival curve in frank Mediterranean anemia, and the 
normal survival of erythrocytes in iron-deficiency anemia. 
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SUMMARY 


The erythrocytes from patients with Mediterranean anemia transfused 
into normal recipients have an abnormal survival, which is characterized by 
the accelerated elimination of 25 to 50 per cent of the cells and normal sur- 
vival of the remainder. The erythrocytes from individuals with the carrier 
state of Mediterranean anemia, and from one child with severe hypoferric 
anemia of iron deficiency, had normal survival when transfused into normal 
recipients. Normal erythrocytes have normal survival when transfused into 
patients with Mediterranean anemia. 

The existence of a hemolytic component in Mediterranean anemia has been 
confirmed by the study of erythrocyte survival. This hemolysis results from 
an intracorpuscular erythrocyte abnormality which is not apparent in the 
carrier state of the disease and is not related simply to a quantitative deficit 
in erythrocyte hemoglobin. 

The hypothesis is offered that in Mediterranean anemia those erythrocytes 
in which the basic defect in ultrastructure or composition is associated with 
marked deformities of shape are destroyed rapidly while the remainder have 
a normal survival time. 
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Ill. UNusuau FaminiAL Hemo.tytic ANEMIAS ASSOCIATED WITH INTRINSIC 
ERYTHROCYTE ABNORMALITY 


EUGENE KapuLan, M.D., anp WoLF W. ZuEuzer, M.D. 
Detroit, Micu. 


WITH THE TECHNICAL ASSISTANCE OF LINDA Hoogana, M.S. 


S THE result of erythrocyte survival studies, intrinsic erythrocyte abnor- 
malities are now recognized as the basis for the hemolytic process in 
sickle cell anemia,! congenital hemolytic icterus,? Mediterranean anemia,’ noc- 
turnal hemoglobinuria,‘ and pernicious anemia.® In these conditions there is 
accelerated elimination of the patient’s erythrocytes when transfused into 
normal recipients, whereas erythrocytes from normal donors survive at the 
normal rate when transfused into such patients. 

This report deals with the demonstration of comparable intrinsic abnor- 
malities of the erythrocyte underlying the hemolytic disturbance in two atypi- 
cal forms of chronic familial hemolytic anemia in which the abnormal erythro- 
cyte survival constitutes the chief evidence for the defect.* 


I. An atypical chronic familial hemolytic anemia occurring in three sib- 
lings in a French Canadian family has recently been described by us.’ It is 
characterized by moderate anemia, icterus, and hepatosplenomegaly, osseous 
changes, a tendency to develop mongoloid facies, and an absence of hemolytic 
crises. The erythrocytes are normochromic, normocytic to macrocytie, slightly 
ovoid in shape, and have normal osmotic and mechanical fragility. Micro- 
spherocytosis, sickling, and acid serum hemolysis are absent. 


Case 1.—Lorraine L.; a full description of this case is given elsewhere.’ 
In brief, the patient is a 5-year-old white child of French Canadian extraction 
who has had moderate anemia and hepatosplenomegaly since infancy. Her 
features are somewhat mongoloid, but not to the marked degree of her older 
brother who is affected with the same hemolytic anemia. She has never re- 
quired transfusions and, except for being short for her age, has remained free 
of symptoms referable to chronic anemia. 

The red blood cell count remains in the vicinity of 2.0 to 2.7 million per 
cubic millimeter, the hemoglobin 5.8 to 8.0 Gm. per cent, and there is a reticu- 
locytosis of 4 to 10 per cent. The serum bilirubin is 1.2 mg. per cent. The 
osmotic fragility measures 0.45 per cent to 0.30 per cent saline, and the me- 
chanical fragility is 9 per cent. Serum antibodies are absent on repeated 
examinations. 


Received for publication, May 25, 1950 
*Since completion of this report, a similar erythrocyte survival study® in another atypical 
chronic familial hemolytic anemia has been reported. 
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The only demonstrable erythrocyte abnormality associated with this con- 
dition is the rapid elimination of erythrocytes from one of these children fol- 
lowing transfusion into a normal recipient (Fig. 1, curve 17). Erythrocytes 
from a normal donor survived at the normal rate following transfusion into 
this child (Fig. 1, curve 2). This cross-transfusion survival study clearly indi- 
cates that an intrinsic erythrocyte abnormality is at fault even though such 
an abnormality could not be demonstrated by conventional techniques. 
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Fig. 1.—Erythrocyte survival study in atypical chronic hemolytic anemia. Curve 17, 
the survival of the patient’s cells (Case 1) transfused into a normal recipient. Curve 2, the 
survival of normal cells transfused into the patient (Case 1). 


II. An unusual chronic familial hemolytic anemia has been observed in 
two siblings in an Italian-American family and will be fully described in a 
separate communication. The disease is characterized by familial incidence, 
onset at birth with anemia, icterus, and hepatosplenomegaly, simulating eryth- 
roblastosis fetalis but not accompanied by evidence of maternal isoimmuniza- 
tion, and persisting through childhood, necessitating frequent transfusions. 
Only slight hematologic improvement follows removal of the spleen. 

The erythrocytes are characterized by normochromasia, discoid shape, and 
considerable variation in size. Microspherocytes. are only occasionally present. 
Reticulocytes and polychromatophilic erythrocytes are numerous; Howell-Jolly 
hodies, target cells, and nucleated red cells are present in only moderate num- 
hers ; elliptocytes and sickle forms are absent. Acid serum hemolysis and the 
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Donath-Landsteiner test are negative. Serum antibodies cannot be demon- 
strated in saline or colloidal diluents, with antiglobulin serum or with trypsin- 
ized red cells. The resistance of the red corpuscles to hypotonic salt solutions 
is slightly increased. 


Case 2.—Doris de F., now 3 years old, is the youngest child in an Italian- 
American family. Two previous siblings had died in the newborn period of 
anemia and icterus. At birth she was severely anemic and jaundiced. In 
view of these symptoms and because three older siblings had presented a simi- 
lar picture at birth and two of these had died, the patient was treated for 
erythroblastosis fetalis at another hospital. 

She was first seen by us at 3 months of age. Throughout the period of 
observation she had a severe hemolytic anemia necessitating transfusions on 
the average of every six to eight weeks. There was always mild icterus, and 
the spleen and liver were enlarged. Skeletal changes compatible with those 
found in congenital hemolytic disorders developed by the third year. Growth 
and development were not appreciably impaired and the general condition 
fluctuated in parallel with the levels of hemoglobin. 

At the age of 3 years splenectomy was done without complications. In 
the eight-month period of observation following the operation the anemia has 
recurred but is less severe. 

Table I gives the pertinent laboratory data. The erythrocytes were nor- 
mochromic and showed extreme variations in size. There was only minimal 
poikilocytosis but moderate polychromasia, in keeping with a constant reticu- 
locytosis ranging from 4 to 12 per cent. Nucleated red cells and Howell-Jolly 
bodies in small numbers were always present. In wet preparations the red 
corpuscles were discoid in shape except for very rare microspherocytes, and 
rouleaux formation was normal. Target cells were uncommon. 

The survival of normal erythrocytes transfused into the patient both be- 
fore and after splenectomy was normal (Fig. 2). Unfortunately it was not 
possible to find a suitable recipient for a study of the survival of the patient’s 
red corpuscles. 











TABLE I 
| | MEAN 
| CORPUS- 
| | MEAN CULAR 
| RED BLOOD HEMA- MEAN | CORPUS- | HEMO- MECH 
| HEMO- COUNT RETICU- | TOCRIT | CORPUS- | CULAR | GLOBIN SALINE ICA 
| GLOBIN | (MILLION | LOCYTES | (VENOUS | CULAR HEMO- | CONCEN- | FRAGILITY FRAC 
PATIENT | (GM. %) |PERC.MM.)| (%) BLOOD) | VOLUME | GLOBIN | TRATION | (%) _ Iny ( 
Case 2 
Doris, 3 yr. 
Before 3-5 2.0-3.0 4-12 15 94 30 32 47-.28 8 
splenectomy 
4 months after 8 3.35 18 e 7 a : 45-.18 7 
splenectomy 
Case 3 
Anne, 8 yrs. 
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n- Case 3.—Ann de F., older sister of the preceding patient, likewise had pre- 
in- sented the clinical picture of erythroblastosis fetalis at birth. Since the anemia 
ns and the other symptoms persisted, a splenectomy had been carried out at 
another hospital four months later. Subsequently the patient had remained 
anemic but between the ages of 3 and 7 years had received no transfusions. 
WN- e 
of Her general state of health had been fair and her development and growth 
dL e ° ° ° 
hh had been satisfactory. The hemoglobin level had been fairly stationary at 
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t’s Fig. 2.—Erythrocyte survival study in atypical chronic hemolytic anemia. The survival of 
normal cells transfused into the patient (Case 2) before and after splenectomy. 
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approximately 7 grams. There had always been extreme reticulocytosis, poly- 
chromasia, and macrocytosis, but, as in the case of the sister, poikilocytosis 
had been minimal and the red cells were normochromic, with only occasional 
slight spherocytosis. 





| 
| 
| 
| 
| 


0) 
S 


Ov 
S 


S 


S 











20 


YIKS FTE TRANSFUSION 


0) 





% SUVUU" DON C215 — 








Fig. 3.—-rythrocyte survival study in atypical chronic hemolytic anemia. Curves /, Z, 
and 4, the survival of normal erythrocytes transfused into the patient (Case 3). Curve 3, the 
survival of cells from the patient (Case 3) transfused into a normal recipient. 


In April, 1949, at the age of 7, the child was admitted with the picture of 
a fulminating hemolytic crisis with fever and massive hemoglobinuria. At this 
time the blood picture changed remarkably. The red corpuscles showed for 
the first time extreme microspherocytosis and some fragmentation. The 
osmotie fragility was markedly increased. An atypical warm auto- and iso- 
agglutinin was demonstrable at this time in the patient’s serum, active at 
37° C. against cells suspended in bovine albumin. The Coombs test, however, 
was negative. 

Normal erythrocytes were transfused into the patient for survival study 
five days after the onset of the hemolytic crisis, at a time when the hemo- 
globinuria was definitely decreasing in severity. The survival curve (Mig. 3, 
curve 71) was characterized by the rapid elimination of 60 per cent of the 
transfused cells, followed by very slow elimination of the remainder. 

The patient has now been observed closely for one year since the crisis 
and has shown no evidence of any unusual acceleration of the chronic hemoly- 
tic process, despite several moderately severe intercurrent respiratory infec- 
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tions. The levels of red blood cells, hemoglobin, and reticulocytes have fluctu- 
ated as before; microspherocytes have been present in limited numbers and 
there has been no hemoglobinemia, methemalbuminemia, hemoglobinuria, or 
further evidence of immune iso- or autoantibodies. 

In September, 1949, a second study was made of the survival of normal 
erythrocytes transfused into the patient. The survival curve (Fig. 3, curve 2) 
was virtually identical with that in the earlier study, indicating a persistence 
of the extracorpuscular hemolytic disturbance. 

In December, 1949, erythrocytes from the patient were transfused into a 
normal subject (Fig. 3, curve 3). It will be noted that 80 per cent of the cells 
were eliminated within fourteen days after transfusion. Following this with- 
drawal of blood from the patient she was transfused with normal erythrocytes 
and a third study was made of their survival. The survival curve (Fig. 3, 
curve 4) at this time was entirely normal. 


COMMENT 


The familial nature of this disease in itself suggests an intracorpuscular 
defect as the basis for the hemolytic mechanism. The presence of such a defect 
was demonstrated in the last patient by the shortened survival of her erythro- 
cytes. The fact that in Case 2 normal cells survived normally in the patient’s 
circulation is confirmatory evidence. In Case 3 the situation was more com- 
plicated. The last study of the survival of normal cells transfused into the 
patient yielded normal results, indicating that in this child, too, the funda- 
mental defect was not an extracorpuscular mechanism. The demonstration of 
markedly shortened survival of normal cells in the patient immediately and 
for some time after a fulminating hemoglobinurie crisis associated with the 
presence of immune antibody shows that a transitory extracorpuscular hemo- 
lytic process had been superimposed on the primary condition. 

The study of erythrocyte survival in these two unusual forms of chronic 
familial hemolytic anemia enabled us to demonstrate an intracorpuscular de- 
fect in the absence of any characteristic morphologic or in vitro abnormalities 
of the erythrocytes. It was possible by the use of this method, to show, in a 
patient with acquired hemolytic anemia of immune body type superimposed 
on a basic intracorpuscular defect, the simultaneous presence of both mecha- 
nisms. It is worth noting, in passing, that had only the survival of the pa- 
tient’s own cells been studied the accuired hemolytic mechanisms would have 
gone undetected. Conversely, if only the initial study of the survival of nor- 
mal cells in the patient had been made, faulty conclusions might have been 
reached. 

Parenthetically, the last case is of particular interest in that both an 
acquired and a congenital hemolytic mechanism were active in a patient whose 
spleen had been removed previously. 


SUMMARY 


By means of the study of the survival of transfused erythrocytes an 
Intrinsic erythrocyte abnormality was demonstrated in members of two fam- 
ilies with atypical chronic familial hemolytic anemia. 
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The pattern of elimination of the patients’ erythrocytes transfused into 


normal recipients was similar to that in sickle cell anemia and congenital 


hemolytic icterus. 


Normal erythrocytes transfused into these patients had normal survival 


except following a fulminating crisis in one child when the survival method 
enabled us to demonstrate a superimposed acquired extracorpuscular hemo- 
lytic disturbance. 


wii 


. Dacie, J. V., and Mollison, P. L.: 
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THE TREATMENT OF DICUMAROL-INDUCED 
HYPOPROTHROMBINEMIA IN DOGS WITH EMULSIFIED 
VITAMIN K, ADMINISTERED INTRAVENOUSLY 


Mitton SHOSHKES, M.D., Ropert P. Geyer, PH.D., Grorce S. YEE, M.S., 
AND FREDRICK J. STARE, M.D., PH.D. 
Boston, Mass. 


POTENT and easily administered preparation of vitamin K, would be 

of value in the treatment of Dicumarol intoxication which often occurs 
despite the most careful supervision over the administration of the Dicumarol. 
If hemorrhagic manifestations appear during Dicumarol administration, either 
because of an excessive hypoprothrombinemia or other pathologic conditions, 
the drug-induced hypoprothrombinemia must be countered with the greatest 
possible speed. Water-soluble, synthetic vitamin K preparations usually have 
been used for this purpose and reversals of the hypoprothrombinemia have been 
demonstrated. ? It has been demonstrated however* * ° that the oil-soluble 
vitamin K, and vitamin K, oxide are far superior to the water-soluble vitamin K 
preparations in respect to the effectiveness per milligram of vitamin product 
used, the rapidity of prothrombin recovery, and the duration of anti-Dicumarol 
effect. Of these two oil-soluble vitamin K preparations, Miller and co-workers® 
reported that vitamin K, was the more potent compound. 

The intravenous administration of oil-soluble vitamin K, and vitamin K, 
oxide is accomplished with some difficulty. They are usually dissolved in a 
small volume of alcohol and then suspended in varying volumes of isotonic 
saline or glucose. Suspensions of this type are unstable, and precipitation of 
the vitamin in the diluent container and tubing is a source for loss of the 
vitamin and subsequent inaccuracy of the dose administered.’ In view of this, 
it is also reasonable to presume that much of the infused vitamin which has been 
unstably suspended in this manner would also precipitate out in the blood stream 
and be trapped in capillaries, rather than be carried directly to the liver for use 
in prothrombin synthesis. 

In recent years this laboratory has been interested in the preparation and 
use of emulsions of fat for parenteral nutrition. Emulsions have been developed 
that are stable in the circulating blood after intravenous administration and 
were rapidly utilized in animal® and human subjects.’ It was felt that similar 
finely dispersed emulsions of vitamin K, would be of use for the parenteral 
administration of this vitamin. When emulsified in this manner, it should be 
possible to administer accurately and easily by vein and in a small volume an 


From the Department of Nutrition, Harvard School of Public Health, and the Depart- 
ment of Biological Chemistry, Harvard Medical School. 
: Supported in part by grants-in-aid from the National Dairy Council, Chicago, IIl., the 
Upjohn Company, Kalamazoo, Mich., the Nutrition Foundation, Inc., New York, N. Y., and 
the Cancer Research Grants Branch, National Cancer Institute, Bethesda, Md. 

Received for publication, June 7, 1950. 
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effective quantity of this emulsion to patients in need of the emergency reversal 
of Dicumarol-induced hypoprothrombinemia. In this report, the results of the 
use of such an emulsion in reversing the effect of Dicumarol in dogs are described. 


METHOD 


A 5 per cent emulsion of vitamin K, in 5 per cent dextrose was prepared by agitating 5 
Gm. of vitamin K,* and 93.45 c.c. of 5 per cent dextrose in a Waring Blendor for ten minutes, 
using 1.0 Gm. Demal-14t and 1.0 Gm. of the BF2 fraction of soybean phosphatide® as emulsi- 
fiers. The largest particles of the emulsion visualized were 1.0 ~ in diameter, and the emulsion 
was sterilized in sealed ampules by autoclaving at 15 pounds per square inch for fifteen 
minutes. 

The prothrombin times of citrated dog blood were determined using the Link-Shapiro 
modification of the Quick method. This procedure was modified by the use of human 
thromboplastin.t Using a single batch of human thromboplastin throughout, whole pro- 
thrombin times ranging from 7 to 9 seconds were obtained and dilutions of 20 per cent 
plasma in saline gave prothrombin times ranging from 19 to 25 seconds. Since the whole 
prothrombin times were consistent with the values obtained with diluted plasma, only the 
former will be included in this report. 

The dogs used were fed Krunchon§ throughout the experiment. 

Blocking of Dicwmarol-Induced Hypoprothrombinemia.—Four mongrel dogs were each 
given intravenously 50 mg. of Dicumarol dissolved in an alkaline solution and the prothrombin 
times of their blood were determined at daily intervals. When their prothrombin times 
returned to control values and remained there for at least three days, they were given 50 
mg. of Dicumarol, followed in fifteen minutes by 50 mg. of vitamin K, (1.0 ¢.c. of emulsion), 
both given by intravenous injection. The prothrombin times again were determined, usually 
daily. 

Reversal of a Dicwmarol-Induced Hypoprothrombmemia.—Ten days after the adminis- 
tration of emulsified vitamin K, in the first experiment, the four dogs were each given intra- 
venously 50 mg. of Dicumarol dissolved in alkaline solution followed by daily maintenance 
doses of 6 to 24 mg. as required, until their whole prothrombin times ranged from 25 to 60 
seconds for three consecutive days. They were then each given 60 mg. of vitamin K, (1.2 c.c. 
of emulsion) intravenously, and their prothrombin levels were followed at two, four, six, 
eight, twenty-four, and forty-eight hours. This experiment was then repeated in similar 
fashion beginning the Dicumarol injections four days after the vitamin K, injection. In this 
experiment the blood samples were drawn at intervals of fifteen, thirty, sixty, one hundred 
twenty, two hundred forty, and three hundred sixty minutes after the injection of 60 mg. 
of vitamin K, (1.2 ¢.c. of emulsion) intravenously. 


RESULTS 

Blocking of Dicumarol-Induced Hypoprothrombinemia.—The results of the 
blocking of Dicumarol effect on the blood prothrombin are reproduced in Fig. 1. 
The profound and prolonged elevation of the prothrombin time of seven to nine 
days’ duration noted in each dog after the intravenous administration of 50 
mg. of Dicumarol was completely blocked by 50 mg. of emulsified vitamin K, 
given intravenously fifteen minutes after the 50 mg. dose of Dicumarol. 

*The vitamin Ki used was kindly supplied by Merck & Co., Inc., Rahway, N. J 


*Polyglycerol ester of oleic acid, kindly supplied by the Emusol Corporation, Chicago, Ill. 


¢The authors are indebted to Dr. Frank H. Gardner for the supply of human thrombo- 
plastin and for helpful suggestions concerning the prothrombin analyses. 
§Gaines Division, General Foods Corporation, Kankakee, III. 
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Reversal of Dicumarol-Induced Hypoprothrombinemia.—The results of the 
reversal of the Dicumarol-induced hypoprothrombinemia by intravenously ad- 
ministered, emulsified vitamin K, are reproduced in Figs. 2 and 3. As demon- 
strated in Fig. 2, the prolonged hypoprothrombinemia observed in each dog 
was persistently reversed to limits of normal coagulability within the first two 
hours after the administration intravenously of 60 mg. of emulsified vitamin K,. 
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_Fig. 1.—The blocking of Dicumarol-induced hypoprothrombinemia in dogs by an emulsion 
of vitamin Ki administered intravenously. Dog B, 9.8 kilograms, female; Dog C, 14.2 kilo- 
srams, male; Dog D, 14.4 kilograms, male; Dog P. 15.4 kilograms, female. 


Control levels of prothrombin time were reached within four to six hours after 
injection in each dog. Fig. 3 reproduces the results obtained on repetition of 
this experiment eight days later, but following the changes in prothrombin time 
during the first two hours after injection of the vitamin K,. In the first fifteen- 
minute sample there was a paradoxical rise in prothrombin time which in three 
of the four dogs was approximately double the preinjection times and lasted for 
fifteen to thirty minutes. This was followed in each dog by a precipitous drop 
in prothrombin time thirty to sixty minutes after the vitamin K, injection. 
Control prothrombin times were observed within two hours of injection. 

It is of interest to note in Fig. 2 that approximately twice as much Di- 
cumarol was needed to produce a hypoprothrombinemia in each dog similar 
to that observed in the first experiment, although ten days had elapsed since 
the injection of 50 mg. of the emulsified vitamin K,. When this experiment 
Was repeated for the observations reported in Fig. 3, Dicumarol injections were 
begun four days after the 60 mg. dose of emulsified vitamin K,, and approxi- 
mately three times as much Dicumarol was needed to get similar elevations of 











SHOSHKES, GEYER, YEE, AND STARE 
60° " 60 | 
L DOG B NI L p0G ¢ 

FA 40, J 


I a i va 
P 20} pa 


8 


% 











7) Lee 60 Speers 
1 eae _ 
60 180 "160 340-3560 - 60 120. 160 240 300 
60, 60- 
DOG D a | p0G P 


rs 40- —t 
f / 
20 panied 
a / wd 
se | pearance: °F actleeilaaeeee 
f ie 4 4 ni 4 4 Ss { 
60 120 Iso 240 300 I 300 
TIME IN HOURS 
VITAMIN Kj; EMULSION 60 MG GIVEN INTRAVENOUSLY ATL 


~ 
(e) 
T 











MA! 





PROTHROMBIN TIME IN SECONDS 
ey 
° 


Fig. 2.—The reversal of Dicumarol-induced hypoprothrombinemia in dogs by an emulsion 
of vitamin Ki: administered intravenously. Dog B, 9.8 kilograms, female; Dog C. 14.2 kilo- 
grams, male; Dog D, 14.4 kilograms, male; Dog P, 15.4 kilograms, female. 
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Fig. 3.—The rapidity of the reversal of Dicumarol-induced hypoprothrombinemia in dogs 
by an emulsion of vitamin Ki administered intravenously. Dog B, 9.8 kilograms, female; 
Dog C, 14.2 kilograms, male; Dog D, 14.4 kilograms, male; Dog P, 15.4 kilograms, female. 


prothrombin time. This suggests that the anti-Dicumarol effect of the injected 
vitamin K, was still present four and ten days after injection and probably 
accounts for the somewhat accelerated return of the prothrombin times de picted 
in Fig. 3 as compared with those reproduced in Fig. 2. 
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The only adverse effect associated with the injection of the 50 and 60 mg. 
doses of emulsified vitamin K, noted was seen in one dog (Dog C) who had a 
transient generalized muscular weakness and unsteady gait of thirty seconds’ 
duration after injection of the vitamin emulsion. The same phenomenon was 
observed in this animal when it was injected with the stabilizers only, in the 
same concentration and volume used for the emulsification of vitamin K,. 


DISCUSSION 


An emulsion of vitamin K, in 5 per cent dextrose was an effective anti- 
Dicumarol agent in dogs. This was demonstrated by completely blocking a 
Dicumarol-induced hypoprothrombinemia and by effecting a reversal of a Di- 
cumarol-induced hypoprothrombinemia of several days’ duration within two to 
six hours after intravenous injection of an emulsion of vitamin K,. Most of the 
effect was observed within one to two hours after injection. The paradoxical 
rise in prothrombin times noted in each dog at fifteen minutes after the 
injection of the emulsified vitamin K, is as yet unexplained. No sign of toxicity 
due to the emulsified vitamin K, per se was recognized. 

It should be quite possible to prepare more concentrated emulsions of 
vitamin K, so that doses as large as a gram could be contained in 5 to 10 ¢.e. of a 
stable emulsion. If this emulsified preparation of vitamin K, is demonstrated to 
be similarly effective in the treatment of Dicumarol-induced hypoprothrombin- 
emia in human subjects, it would be of considerable convenience, for effective 
doses of this vitamin could then be administered intravenously in a small volume 
by syringe at a moment’s notice, in contrast to the rather clumsy and inaccurate 
methods in use at present. 


CONCLUSION 


A stable emulsion of 5 per cent vitamin K, in 5 per cent dextrose was 
prepared by using a synthetic emulsifier and purified soybean phosphatide as 
emulsifiers. This emulsion withstood autoclaving without breaking. It was 
given intravenously to dogs and found to be a very effective anti-Dicumarol 
agent as demonstrated by prevention of a Dicumarol-induced hypoprothrom- 
binemia and reversal of a markedly hypoprothrombinemic level of several days’ 
duration in a matter of thirty to sixty minutes with return to normal values in 
two to six hours. No toxie effects from the emulsified vitamin K, per se were 
observed in the 50 and 60 mg. doses used. The vitamin K, emulsion exerted a 
moderate anti-Dicumarol effect as long as ten days after it was injected. 
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THE {iNTERRELATIONSHIP OF VITAMIN B,, AND 
FOLIC ACID IN THE BABY PIG 


B. CoNNor JOHNSON, PH.D., A. L. NEUMANN, PuH.D., R. O. NESHEIM, M.S., 
MariAN F. James, Pu.D., J. L. Kriper, Pu.D., AND ANN S. Dana, B.S., 
URBANA, ILL., AND J. B. TuHrerscu, M.D., New York, N. Y. 


en folic acid’ * and vitamin B,,* * * have been shown to have therapeutic 
value in the treatment of pernicious anemia in man. The administration 
of crystalline vitamin B,, will bring about a complete remission of symptoms, 
while folic acid will alleviate only part of the symptoms.* ° 

Using baby pigs as experimental animals we have produced a vitamin B,, 
deficiency in the presence of excess folie acid.”.* It then appeared desirable 
to produce a dual deficiency of vitamin B,, and folic acid in the baby pig in order 
to study any interrelationship of symptoms and of therapy. 

Heinle, Welch, Pritchard® have obtained a folie acid deficiency in a pig 
receiving liver extract injections, and Cartwright and Wintrobe’® have reported 
the production of anemia in swine using a casein-containing diet. These reports 
show that folic acid is required by the pig in the presence of vitamin B,,. 

Welch and co-workers™ and Cartwright and co-workers have used a folic 
acid antagonist to produce folie acid deficiency in pigs. This technique was 
employed in the first experiment reported here. However, in this experiment 
the antagonist ‘‘x-methyl’’ folic acid was added to the 30 per cent alpha protein 
“synthetic milk’’ diet which we had previously shown to be deficient in vitamin 
B,,.7 * 1% 1617 Tn this way we produced the desired dual deficiency. 

Daft!® had found that increased amounts of amino acid protect rats against 
a folic acid deficiency, and we had found with rats’* and with pigs’ that a folic 
acid deficiency did not occur with 30 per cent protein in the diet. Therefore, 
a second experiment was carried out in which the alpha protein was fed as 
20 per cent of a diet to which neither vitamin B,, nor folie acid was added in 
order to produce a dual folic acid-B,, deficiency without the toxic effect of a folic 
acid antagonist. Abstracts of some of this work have appeared.'’® 2° 


EXPERIMENTAL AND RESULTS 
Experiment I 


Experimental.—Six Duroe and six Duroc-Poland China cross-bred pigs were removed 
from their dams at 48 hours of age and individually fed ad libitum the ration 1 shown in 
Table I. Sulfasuxidine* was added to the diet at the rate of 2 Gm. per liter of ‘‘milk’’ to 
inhibit intestinal synthesis. The method of feeding and care of the baby pigs was as 
reported previously.11 

. From the Division of Animal Nutrition and Department of Animal Science, University of 
Illinois, Urbana, Ill, and the Sloan-Kettering Institute for Cancer Research, New York, N. Y. 

Received for publication, June 9, 1950. 

*Sulfasuxidine (succinylsulfathiazole) was very generously supplied by Sharp & Dohme, 
Inc., Philadelphia, Pa., through the courtesy of Dr. S. F. Scheidy. 
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TABLE I. COMPOSITION OF THE BASAL DIET* 














RATION 
1 2 

(%) (%) 
Alpha protein (isolated soybean protein) 29.6 19.4 bas 
DL- Methionine 0.4 0.6 
Glucose (Cerelose) 30.9 45.0 
Lard 30.8 29.0 
Mineral salts11 8.3 8.3 


These materials plus water were formulated into a ‘‘synthetic milk’’ containing 13% solids 
and 4% fat. The following vitamins were added per liter of diet: 


Thiamine 0.65 mg. Biotin 0.01 mg. 
Riboflavin 1.30 mg. Ascorbic acid 16.00 mg. 
Pyridoxine 1.30 mg. a-Tocopherol acetate 1.00 mg. 
Calcium pantothenate 7.80 mg. 2-Methiyl-1, 4-naphtho- 

Inositol 26.00 mg. quinone 0.26 mg. 
Choline chloride 130.00 mg. Vitamin A 2,000 I. U. 
Nicotinic acid 2.60 mg. Vitamin D, 200 1. VU: 





*Thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, calcium pantothenate, 
biotin, nicotinic acid, and «-tocopherol acetate were generously supplied by Hoffmann-La Roche, 
Inc., Nutley, N. J., through the courtesy of Dr, J. C. Bauernfeind. Pteroylglutamic_acid_ was 
generously supplied by the Lederle Laboratories Division, American Cyanamid Co., Pearl 
River, N. Y., through the courtesy of Dr. Thomas H. Jukes. Inositol was supplied by the 
A. E. Staley Manufacturing Co., Decatur, Ill. Hyflavin (a highly water-soluble form of 
riboflavin) was generously supplied by Endo Products Inc., Richmond Hill, N. Y. 


The experimental plan is given in Table II. The antagonist, ‘‘x-methyl’’ folic acid* 
was fed in the diet at 3 Gm. per kilogram of dry matter. While on the antagonist (Period B) 
one pig died on the eighth, one on the tenth, and one on the fourteenth day. The antagonist 
was then removed from the diet, as it was evident that otherwise more pigs would die. It 
had been planned to discontinue the ‘‘x-methyl’’ folie acid feeding once a folic acid 
deficiency had been produced but if possible before any therapeutic treatments were indicated, 
since this experiment was not planned to study the counteracting effect of vitamin B,, on 
‘«x-methyl’’ folic acid. It was hoped that the Sulfasuxidine in the diet would maintain the 
deficiency so obtained. Wagley and Morgan?! have shown with chick embryos that vitamin 
B,. does not counteract this folic acid antagonist. 

The nine pigs remaining alive at the end of Period B were allotted into three groups 
for curative treatment (Period C) as shown in Table II. During Period C, Group I (three 
pigs) remained on the basal ration as controls, and particular attention was paid to any 
spontaneous recovery due to folic acid from body stores or the intestinal tract, available after 
removal of the antagonist. Two pigs in this group died five days after discontinuation of 
the antagonist. During Period C, Group II (three pigs) received 2 ug of crystalline vitamin 
B,.t per pig per day by injection. These pigs remained on this curative treatment for twenty: 
one days, at which time they were making optimal gains and presented a normal blood and 
bone marrow picture and were therefore taken off experiment. Group III (three pigs) re 
ceived 10 mg. of folic acid per kilogram of dry matter in the diet during Period C. 

In Period D (14 days) the remaining pig from the control Group I was given 2 ug of 
crystalline vitamin B,, injected intramuscularly daily, and in addition 10 mg. of folie acid 
were fed per kilogram of dry matter in the diet. During Period D, the three pigs from 
Group III were given the same B,, dosage in addition to the folic acid they were already 
receiving. 

Blood and bone marrow samples were taken on alternate days during therapeuti¢ 
treatment and at the end of Period D. 





*“X-methyl” folic acid was very generously supplied by Lederle Laboratories through 
the courtesy of Dr. Thomas H. Jukes. 

7Crystalline vitamin Biz was very generously supplied by Merck & Company, Inc., Rahway, 
N. J., through the courtesy of Dr. D. F. Green. 
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TABLE II. PLAN or EXPERIMENT* 








PERIOD A PERIOD B 











PERIOD © PERIOD D 
(3 WK.) (2 WK.) | | (3 WK.) (2 WK.) 

12 PIGS 12 PIGS GROUP 9 PIGS 4 PIGS 
Basal diet only | _X-methyl folic I Basal diet only PGA§ + vitamin 
(12 pigs) acidt — (3 pigs, 2 died) B,. (1 pig) 
(12 pigs, II Vitamin B,ot Off experiment 

3 died) by injection 
(3 pigs) 
III PGA added to PGA$ + vitamin 


diet (3 pigs)$ ‘Bat 


*All pigs received the basal diet. Supplements were administered as indicated. 
+Three grams of ‘‘x-methyl’’ folic acid per kilogram of dry matter in the diet. 
¢Two micrograms crystalline vitamin By injected intramuscularly daily. 

§Ten milligrams folic acid per kilogram of dry matter in the diet. 





Results.—Table III gives the average daily gains of the different pigs for 
each week of each period. Only one control pig (Pig 1) lived which did not 
receive either vitamin B,, or folic acid therapy during Period C. This pig 
initially was the largest animal on the experiment and showed a slight spontane- 
ous growth rate increase the first two weeks after removal of the antagonist 
(Period C), while the other controls died during the first week of this Period C. 
The exceptionally rapid increase in growth rate of this pig in Period D when 
both vitamins were supplied suggests a previous dual deficiency. 


TABLE IIT. GrowrH RESPONSE To VITAMIN B,. AND TO Fouic ActD, AVERAGE DAILY GAINS IN 
KILOGRAMS 





PERIOD A PERIOD B PERIOD © 


PERIOD D 

















WEEK 1 2 3 4 5 6 7 a. . 2 
me 1 «4056066164 #57 161 102 Group I 58 190 .076 .740 640 
4 .018 .093  .053 192 .052 Dead 
8 -.003 .058 .040  .080 Dead 
9 -.019 127 ~=.168 .098 -.003 Dead 
MH). 2054 .067 146 12% Dead 
12 026 38.073 O71 067 -—.046 = Dead a | 
Av. .158 190 .076  .740 640 
3 -—073 .110 .154 .138 8.074 Group IT 182 .396 § .455 
o 014 4140 163 208 076 161 .398 422 
6 6.03 ats .130 Peta lig .154 —.071 406 §=.385 = 
Av. .091 400 420 


2 054 057 161 .187  .152 Group IIIT .211 .307 241 507 ~ .494 
7 022 100 071 .144 082 131 .326 .071 475 458 
11 .032 992 .076 .101  .041 232.262 111347417 
Av.of 018 .110 .116 .143  .068 Av. (Group .191 .298 .141 .443  .456 
ne it) 











The pigs in Group II receiving vitamin B,, injections during Period C 
showed little increase in growth rate during the first week and then a very rapid 
increase in growth rate. This lag in growth response to vitamin B,, parallels 
the lag in reticulocyte response (Fig. 1) to vitamin B,, and is probably a 
reflection of the inability of vitamin B,, to counteract the antagonist. By 
comparison, the pigs in Group III receiving folic acid responded immediately 
and strikingly with respect to food intake, growth, and reticulocytosis (Fig. 1). 
However, the increased growth rate in this group was not as marked as in 
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Group II; it lasted for only two weeks and was followed by a marked decrease 
in appetite and a concomitant decrease in growth rate. After this growth failure 
these pigs responded immediately to vitamin B,, in Period D. 

The average reticulocyte counts for the various groups are given in Fig. 1. 
The other blood data showed no significant differences. Both folie acid and 
vitamin B,, gave marked reticulocytosis, the folic acid peak appearing at three 
days, while the peak due to vitamin B,,, which was slightly higher and more 
prolonged, did not appear until the seventh day. 
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Fig. 1.—Reticulocyte response to vitamin Bw and to folic acid—Experiment I. 


During Period C after the antagonist had been discontinued, the control 
pig showed a slight reticulocytosis which was followed by a relapse within two 
weeks with almost complete appetite failure. With folic acid plus vitamin B,, 
therapy in Period D this pig showed a second low reticulocyte response which 
was maintained and accompanied by an increased appetite and growth rate. 

The average differential counts for the nucleated cells of the bone marrow 
at the end of each period are given in Table IV. At the end of Period € the 
pigs supplemented with vitamin B,, or with folie acid (Groups II and III) 
showed a marked increase in the percentage of nucleated red cells in the marrow 
corresponding to the reticulocytosis observed. The most striking finding was 
the high percentage of primitive basophilic erythroblasts which appeared in the 
marrow of the pigs receiving ‘‘x-methyl’’ folie acid (column 3, Table IV). 
These cells seem to typify the effect of the antagonist on the bone marrow and 
appear to be similar to the ‘‘megaloblast-like’’ cells described by Heinle and 
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Welch’ and by Cartwright and Wintrobe’® in pigs receiving a folic acid antago- 
nist. They were still classified as erythroblasts in our work. In general the 
bone marrow of the deficient pigs at the end of the antagonist period was dry 
and nonfluid differing markedly from the normal purple cellular marrow of the 
pigs after therapy. 

Experiment II 


Experimental.—Since one of the three control pigs in Experiment I recovered spon- 
taneously (two died) and exhibited a slight growth and hematopoietic response when the 
‘*x-methyl’’ folic acid was removed from the diet, and since the Group II pigs showed 
‘‘complete’’ hematopoietic and weight gain responses to crystalline vitamin B,, without any 
folic acid therapy, it was felt that a second experiment should be carried out in which the 
two deficiencies were produced in the baby pig without the hazards inherent in the use of an 
antagonist. With this experimental plan the interrelationship of the two therapeutic agents 
was studied as follows. 

Eleven 5-day-old Duroc pigs were fed ration 2 (Table I). The 20 per cent protein 
ration was used in this experiment to avoid the protective effect of high protein diets against 
folic acid deficiency.12,18 It was realized that with this diet a less severe vitamin B,, 
deficiency might be produced in view of the possible effect of high protein diets in potentiating 
this deficiency.22 All pigs were fed the 20 per cent alpha protein ration 2 with 2 Gm. of 
Sulfathalidine added per liter of ‘‘milk’’ to inhibit intestinal synthesis, and without folic 
acid or vitamin B,, administration, for a seven-week depletion period. Following this deple- 
tion period, six of the pigs were given intramuscularly 2 wg of crystalline vitamin B,, per 
pig per day, while the other five remained on the basal diet. At the end of eleven weeks 
(seven depletion plus four test) three of the pigs receiving vitamin B, and three of the 
pigs on the basal diet were fed folic acid in the diet (1.5 mg. per kilogram dry matter) for 
two weeks. Growth, blood, bone marrow, and tissue data were used in evaluating this 
experiment. 


Results —The weight data and experimental groups in the second experi- 
ment are summarized in Table V. The injection of 2 yg of crystalline vitamin 
B,, daily per pig resulted in a highly significant increase in rate of growth over 
the groups fed the basal ration (Period B) or the basal ration plus folie acid 
(Period C). The addition of folic acid to the basal ration had no significant 
effect on the rate of growth. 


TABLE V. GROWTH RESPONSES TO VITAMIN B,, AND TO Fouic AcID IN EXPERIMENT II 

















AV. DAILY AV. DAILY 

PERIOD A (7 WK.) PERIOD B (4 WK.) | GAIN (KG.) PERIOD C (2 WK.) | GAIN (KG.) 
: Group 1 Basal 2] Group la Basal only; .24 
only; 5 pigs 3 pigs 2 
Depletion Period Group 1b Basal + 27 

(11 pigs) folic acid*; 3 pigs __ ail 
Av. daily gain, Group 2. Basal + 40 Group 2a Basal + 2 

075 kg. B,; 6 pigs B,t; 3 pigs 


Group 2b Basal + B,.t 75 
+ folie acid*; 3 pigs 





 * Folic acid was fed orally at the rate of 1.5 mg. per kilogram dry matter of ration. 
{Vitamin Biz was injected intrasmuscularly at the rate of 2 wg. per pig per day: 
The reticulocyte response to vitamin B,, during the first eight days of 

Period B in the Group 2 pigs, and the reticulocyte response to folic acid during 
> . . . . . » ¢ 

the first four days of Period C in the Groups 1b and 2b pigs are plotted in Fig. 2. 
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The double deficiency, although mild, is definitely reflected in the reticulocyte 
responses. From Fig. 2 it is evident that both factors are involved in hema- 
topoiesis in the pig and both are required. Only a low reticulocyte response 
to folie acid was obtained in those pigs which had not received vitamin B,,, 
indicating again that on our diet vitamin B,, is the primary deficiency. 
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Fig. 2.—Reticulocyte response to vitamin By and to folic acid—Experiment II. 


No other differences in the blood sige between the basal and the treated 
groups were found. 

The average bone marrow data are given in Table VII. They show no 
effect of vitamin B,, deficiency or of vitamin B,, therapy. Since little effect on 
the bone marrow has been observed previously’® 1? with the 30 per cent alpha 
protein diet this was probably to be expected. 


TABLE VI. Errect oF VITAMIN B, AND Fouic AciD ON RATIO OF ORGAN WEIGHTS TO Bopy 























WEIGHT (EXPRESSED AS GRAMS PER KILOGRAM OF Bopy WEIGHT) 
LIVER (INCLUDING | | 

a KIDNEY | HEART | THYROID | GALL BLADDEK ) LUNGS | SPLEEN TONGUE 
Basal 4.46 3.83 “935 O12) 6.79 "1.99 ae 
Basal + 3.61 3.79 22] 25.22 8.31 1.12 4.09 
folic acid 

(last 2 wk.) 

Basal + B, 3.05 3.49 .083 17.07 4.79 1.15 2.89 

(last 6 wk.) 

Basal + B,, 2.61] 3.16 143 17.20 5.79 1.32 2.68 


(last 6 wk.) 
+ folie acid 
(last 2 wk.) 
P value 0.01 0.03 0.01 0.001 0.015 Not sig 
_ Bu vs. no By nificant 0.001 
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TABLE VII. BoNE MARROW AVERAGE VALUES 











EXPERIMENTAL TREATMENT | BASAL | BASAL | BASAL | PLUS By 
Weeks on diet 2 6 12 12 wk. total 
5 wk. on B,, 
Number of pigs in group 1] 1] 5 6 
Number of pigs from which satis- 
factory samples were obtained 4 3 4 6 
Total cells per mm.3 = = 112,700 119,150 
(1)* (4)* 
J Myeloid cells 78 69 62 58 
% Erythroid cells 20 29 33 40) 
% Wymphoid cells 2 2 
Differential of myeloid series: 3 2 
Mature neutrophils 58 61 62 58 
Metamyelocytes 22 24 19 21 
Myelocytes 18 14 
Premyelocytes 17 18 
Myeloblasts ] 1 ] ] 
Eosinophils ] 1 2 2 
Differential of erythroid series: 
Normoblasts, orthochromic 89 81 86 86 
7 basophilic 10 18 12 10 
. macrocytic 1 1 2 4 


Erythroblasts 





*Number of samples in average. 


The effect of vitamin B,, deficiency on the size of certain organs of the body 
is shown in Table VI. From this table it can be seen that the vitamin B,, 
deficiency resulted in hypertrophy of the thyroid, the tongue, the kidneys, and 
the liver. 
DISCUSSION 


It is apparent that folic acid is required by the pig even in the presence 
of an adequate supply of vitamin B,,, and even more apparent from this and 
previous papers” * 1% 17 that the pig requires vitamin B,, on a vitamin B,,- 
deficient diet even in the presence of excess folic acid. Heinle, Welch, and 
Pritchard? in a report before the Central Society for Clinical Research have 
reported the essentiality both of the antipernicious anemia factor in liver and 
of folic acid for hematopoiesis in swine. Cartwright and co-workers” reported 
that pigs on a casein diet plus ‘‘x-methyl’’ folic acid responded to folic acid 
but not to liver extract. This may be explainable by the fact that the basal 
diet may have contained adequate vitamin B,, and vitamin B,, does not counter- 
act the effect of the antagonist. We also observed no reticulocyte response to 
vitamin B,, in Period D of Experiment I in the pigs which had received folic 
acid in Period C, indicating a complete red cell response to folic acid. On the 
other hand, in Experiment II the pigs which had shown a high reticulocyte 
response to vitamin B,, (in Period B) showed a second high reticulocyte response 
to folic acid (in Period C). This may indicate that the role of vitamin B,, in 
hematopoiesis is secondary, mediated in some way through folic acid, while its 
role in growth and nerve function is primary and unrelated to folic acid. 

The death losses which occurred in Experiment I during the feeding of 
the folic acid antagonist (five out of twelve died) indicate either that the com- 
bined effect of the vitamin B,, deficiency and the induced folic acid deficiency is 
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more lethal than the effect of the antagonist in the presence of vitamin B,, or 
that the baby pig is more sensitive to the antagonist than the older pigs reported 
by others.** 77 These baby pigs died without showing the symptoms of severe 
leucopenia, granulocytopenia, and anemia characteristic of folic acid deficiency 
in the rat. This may indicate a species or an age difference. 


The bone marrow of the pigs in Experiment I at the end of the folie acid 
antagonist period (Period B) was dry and nonfluid, differing markedly from the 
normal purple cellular marrow of the pigs after therapy. The most interesting 
finding with regard to the bone marrow was the appearance of numerous macro- 
eytic erythroblasts (macrocytie basophilic normoblasts) following ‘‘x-methyl’’ 
folic acid feeding, while such abnormal cells have not appeared as a result of 
vitamin B,, deficiency. 


SUMMARY 


Baby pigs fed a vitamin B,,-deficient diet for three weeks were co-fed 
3 Gm. of ‘‘x-methyl’’ folic acid per kilogram of dry matter of the diet for the 
next two weeks, which resulted in a marked decrease in growth rate and in the 
death of five out of twelve pigs. 


At the end of the three-week depletion period, the bone marrow showed a 
rise in nucleated red cells. Following the two-week feeding of the folie acid 
antagonist the bone marrow became depleted, especially in erythroid elements, 
and numerous basophilic normoblasts and erythroblasts appeared. 


The blood and bone marrow symptoms of this combined vitamin B,,-folic 
acid deficiency were cured by either crystalline vitamin B,, or by folie acid 
therapy. 


Vitamin B,, therapy resulted in optimum growth, while folic acid treatment 
gave only temporary and suboptimal growth stimulation. 


In a second experiment baby pigs were fed a lower protein (20 per cent as 
compared with 30 per cent in the previous experiment) vitamin B,,-folie acid 
low diet plus Sulfathalidine in an attempt to produce the double deficiency 
without the use of a folie acid antagonist. 


In this experiment a marked reticulocyte response occurred on vitamin B,, 
therapy followed by a second marked response to folic acid administration. 

The vitamin B,,-deficient pigs were found to have enlarged thyroids, 
kidneys, livers, and tongues. 

From these two experiments it appears that the pig requires both vitamin 
B,, and folie acid and that both are involved in hematopoiesis. In addition, 
vitamin B,, is required for normal growth. 


_ We are grateful for the generous support of Dr. C. P. Rhoads, Director of the Sloan- 
Kettering Institute for Cancer Research, in making possible the cooperation of Dr. Thiersch 
in this work. 
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STUDIES ON EXPERIMENTAL HISTOPLASMOSIS 


{V. A COMPARISON OF THE VIRULENCE OF FIVE STRAINS OF HISTOPLASMA 
CAPSULATUM BY INTRACEREBRAL INOCULATION OF MALE DBA LINE 1 MICE 


ARDEN HOWELL, JR., PH.D.,* anp G. F. Kirexir, M.D.+ 
DurnaM, N. C. 


N A previous report’ it has been shown that male dba line 1 mice (obtained 

from the Roscoe B. Jackson Memorial Laboratory) are highly susceptible to 
an intracerebral injection of a saline suspension of the yeast phase of a particular 
strain of Histoplasma capsulatum. The present paper reports the results of the 
inoculation of this strain of mice with four additional strains of Histoplasma. 


MATERIALS AND METHODS 


The strains of H. capsulatum employed in this study were obtained from the following 
sources: Strains 5 and 155 from Dr. N. F. Conant, Duke University School of Medicine, 
in 1945 and 1948 respectively; Strain 156 from Dr. M. L. Fureolow, U. S. Public Health 
Service Laboratory, University of Kansas Medical Center, Kansas City, Kan., in 1948; 
and Strains 167 and 170 from Miss Charlotte C. Campbell, Army Medical Department Re- 
search and Graduate School, Army Medical Center, in 1949. 

Strain 5 was isolated from a patient with a fatal case of histoplasmosis in 1939, re- 
ported by Rhodes, Conant, and Glesne?; Strain 155 was isolated from a patient with a fatal 
case of histoplasmosis observed in Cincinnati in 1947 by Dr. Isaac Ruchman and was the 
strain used in previous experiments in this series!,%; Strain 156 was isolated from the 
tonsils of a patient with an apparently benign case of histoplasmosis in 19484; Strain 167 
was obtained from a patient with systemic histoplasmosis, who apparently recovered, ob- 
served in Columbus, Ohio, in 19495; and Strain 170 came from the spleen of a dog naturally 
infected with histoplasmosis in 1949.5 

Strain 155, as previously indicated,! was received by the authors in the yeast phase 
and was maintained in this phase by a series of subcultures incubated at 37° C. Each of 
the other four strains was converted to the yeast phase in the early spring or summer of 
1949 by subeulturing some of the mycelial phase on Difco brain-heart infusion blood agar 
slants, sealed with paraffin and incubated at 37° C.6 

The mice employed (dba line 1), the method of preparation of the inoculum, and 
other materials used and methods employed were the same as those previously reported.! 
Complete autopsies were performed on all mice, and sections were prepared from the tis- 
sues of all animals used in this experiment. 


RESULTS 


The dilutions of inoculum employed, the estimated doses in terms of num- 
bers of viable organisms, and the percentage of fatalities obtained from injec- 
tion of each of the five strains of Histoplasma are presented in Table I. It 
Should be pointed out that, although the same dilutions were employed for 
each strain of the fungus, the number of viable organisms, as subsequently 
estimated by colony counts from cultures of the inoculum, varied widely with 
the strain of Histoplasma employed (Table I). Therefore, for purposes of 
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TasBLE I. THE RESULTS, IN TERMS OF MoRTALITY OBTAINED, IN AN EXPERIMENT IN WHICII 
MALE DBA LINE 1 Mice WERE INJECTED INTRACEREBRALLY WITH A SALINE SUSPENSION OF THE 
Yeast PHASE oF Five STRAINS oF H. CAPSULATUM AT DIFFERENT DOSE LEVELS 



























































ANIMALS 
| SACRIFICED 
ESTIMATED | DIED BEFORE ON THIR- 
STRAIN DOSE PER THIRTIETH TIETH DAY 
OF HISTO- INJECTION DAY AFTER AFTER 
DATE OF | PLASMA DILU- INTHOU- | TOTAL — |_ INJECTION INJECTION | 
EXPERI- INJEC- EM- TION EM- SANDS OF NUM- PER NUM- PER NUM- | PER 
__MENT _ TION PLOYED PLOYED ORGANISMS BER CENT BER | CENT BER CENT 
VI 7/22/49 5 1-500 1.1 5* | 100.0) 5 To) a ae 
1-1,000 0.6 6 |100.0} 6 | 100.0 
1-2,000 0.3 6 100.0 : = 6 100.0 
1-4,000 0.1 6 100.0 , oon 4 66.7 
1-8,000 0.1 5* | 100.0 2 40.0 44 60.0 
155 1-500 19.0 9* | 100.0 3 Boc8 6 66.7 
1-1,000 37.7 10 100.0 4 40.0 6 60.0 
1-2,000 18.6 10 100.0 2 20.0 8 80.0 
156 1-500 51.0 6 100.0 6 100.0 = me 
1-1,000 25.5 6 100.0 6 100.0 © es 
1-2,000 12.8 6 100.0 6 100.0 n Z 
1-4,000 6.4 6 100.0 5 83.3 i 16.7 
1-8,000 5 4 6 100.0 3 50.0 4 50.0 
167 1-500 115.4 6 100.0 6 100.0 2 _ 
1-1,000 4¥ fS' 6 100.0 6 100.0 ” Fs 
1-2,000 28.9 6 100.0 5 83.3 1 16.7 
1-4,000 14.5 6 100.0 4 66.7 2 3000 
1-8,000 io 6 100.0 5 83.3 ] 16.7 
170 1-500 146.0 6 100.0 5 83.3 1 16.7 
1-1,000 73.0 5* | 100.0 4 80.0 1 20.0 
1-2,000 36.5 6 100.0 - = 6 100.0 
1-4,000 18.3 6 100.0 = = 6 100.0 
1-8,000 9.2 6 100.0 2 oo. 4 66.7 
e Saline 0) 7 1100.0} - = 7 100.0 | 





























Four additional mice, one injected with Strain 155, one with Strain 170, and two with , 
Strain 5, are not included in the above tabulation as death occurred within twelve to eighteen 
hours after injection. 


comparison, groupings by dose, within any given strain of the fungus, were t 
made. For convenience of comparison, the dose groups selected were the same 
as those previously employed.’ The results, in terms of fatalities obtained, are ( 
presented in Table IT. é 
From Table II it is evident that the per cent of male dba line 1 mice which 
died spontaneously from the intracerebral injection of a given dose of a saline : 
suspension of the yeast phase of Histoplasma was dependent on the particular di 
strain of the fungus employed. For example, an injection of 20,000 to 99,999 of 
organisms caused death within thirty days after injection in eleven of twelve, St 
or 91.7 per cent, mice injected with Strain 167 and in twelve of twelve, or 100 Ww] 
per cent, injected with Strain 156. However, the same dose caused death, in, 
within thirty days after injection, in only four of eleven, or 36.4 per cent, | 
injected with Strain 170 and in seven of nineteen,:or 36.8 per cent, injected sul 
with Strain 155. Similarly, a dose of less than 20,000 organisms was fatal for in 
fourteen of eighteen, or 77.8 per cent, mice injected with Strain 156 but for Ser 
only nine out of twenty-eight, or 32.1 per cent, injected with Strain 5 and only in 


two of twelve, or 16.7 per cent, injected with Strain 170. 
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TabLE II, CoMPpaARATIVE DEATH RATES OBSERVED AMONG MALE DBA LINE 1 MICE WITHIN 30 
Days OF INTRACEREBRAL INJECTION WITH VARYING DOSES OF SPECIFIED STRAINS OF 
H. CAPSULATUM 








ESTIMATED DOSE | DIED BEFORE THIR- SACRIFICED ON 
STRAIN OF | PER INJECTION TIETH DAY AFTER THIRTIETH DAY 
HISTO- IN THOUSANDS TOTAL INJECTION AFTER INJECTION 
PLASMA OF ORGANISMS | NUMBER | PERCENT | NUMBER | PERCENT | NUMBER | PER CENT 
5 100-199.9 = a _ Ss m 
20- 99.9 = ” be - 2 
<20 28 100.0 32.1 19 67.9 
100-199.9 3 2 = os im 
20- 99.9 19 100.0 7 36.8 12 63.2 
<20 100.0 20.0 8 80.0 
100-199.9 = é is ps 
20- 99.9 100.0 100.0 a 
<20 100.0 (7G. 22:2 
100-199.9 j 100.0 100.0 es 
20- 99.9 ; 100.0 91.7 8.3 
<20 ‘ 100.0 ( 75.0 : 25.0 
100-199.9 ) 100.0 83.3 16.7 
20- 99.9 100.0 4 36.4 63.6 
<20 100.0 2 16.7 3.3 


__Saline 0 100.0 ¥ 100.0 






































While it would appear from Table II that Strain 5 was of particularly low 
virulence, it should be emphasized that the highest dose actually used with this 
strain was only slightly more than 1,000 organisms. It should also be pointed 
out that although Strain 155 appeared to be of relatively low virulence at this 
time, other experiments, performed both before and after this, indicated that 
it possessed relatively high virulence for male dba line 1 mice since intra- 
cerebral injections caused spontaneous deaths in 161 of 162, or 99.4 per cent, 
injected with 20,000 or more organisms.? 

Differences in the percentage of fatalities obtained from injection of mice 
with different strains of Histoplasma similar to those already noted have 
recently been reported by Campbell and Saslaw.? 

In addition to the differences observed in the per cent of animals which 
died spontaneously from a given dose of different strains of the fungus, there 
were marked differences in the time by which any given per cent of the mice 
were dead (Fig. 1). For example, 50 per cent of those injected with Strain 
156 were dead, depending on the dose, by the eighth to the fourteenth day. 
Fifty per cent of those injected with the same doses of Strain 167 were not 
dead until the fourteenth to the twentieth day after injection. Similarly, three 
of the six, or 50 per cent, mice injected with 100,000 to 199,999 organisms of 
Strain 167 were dead by the eighth day. Fifty per cent of the six injected 
with this dose of Strain 170 were not dead until the nineteenth day after 
Injection. 


In the study of the various lesions caused by the five strains of H. cap- 
sulatum in dba line 1 mice, it was necessary to use an arbitrary classification 
in grading the results. Since all the lesions were examined by a single ob- 
server, however, it was felt that there would be a high degree of consistency 
in such a classification. The lesions were graded as mild, moderate to severe, 
or absent. In a few instances it was necessary to include a group of “very 















PERCENTAGE OF TOTAL 


PERCENTAGE OF TOTAL ANIMALS INJECTED 


HOWELL, JR., 
STRAIN # 155 
Racha = + 2 
cof - a 604 
cs ! Under 20,000 organisms per injection ec ” | 
©o | —-— 20,000-99,999 " 7 8 eo 8 
Ww | o5 
> 40+ WA 
= | je | 
4 —- aw 
” i ii a aE a | 
J || za 
< 20 + 6 220 
> 2s 
, 4 w «a 
a j | a 
0+ + + SSS 0*E 
0 4 8 2 6 2 24 2 ° 























DAY DURING WHICH DEATH OCCURRED 





| 





AND KIPKIE 


STRAIN #5 


—— Under 20,000 organisms per injection 





—+- SO ——t 
20 
DAY DURING WHICH DEATH OCCURRED 


$ 
24 



























o STRAIN # 170 
w | TT comme - - — — 
re || 
a 1 Under 20,000 organisms per injection | 
we | 
. 4 | sie ata m “ “ a 
= eo} 20,000 - 99,999 r 4 
4 || ---- 100000-199,999"  " * |! 
> 
4 60 + | 
(e} j 
ns | $e 
w | 1 
°o 1} pat 
| , ! 
% 204 a a4 ; 
4 | Mere eeet = Hie ae ee 4 
E \) 3 
a | 4 i: a | 
4 O+ ! t + { ¥ + } + } } + t | 
w 4 8 2 16 20 24 28 
DAY DURING WHICH DEATH OCCURRED 
STRAIN # I67 STRAIN # 156 
STRAIN _ Bn ts Ln siaaces = 
100 aateel pateatamagroamne Gane =] i004 " oatieateemenieeaieeoasoet “ 
3 
ce ~*~) g | | 
80+ er eal w 807 | 
' 4 =) 4 
' a 
2 — | 
-_ 
60 ' — az 60 | 
1 4 ! 
¢-' = bE I | 
' i ° | ! h 
40 - . F 40+ ia 
—— | | : 
: | — Under 20,000 organisms Ww Under 20,000 organisms 
| ee per injection 2 20 | per injection 
| i —--20,000-99,999 "" a 1 —-— 20,000-99,999 organisms , 
‘ 1 ---100.000- 199 999 * “4 per injection — 
Ot "+. ee xe Oe y ame amma 5 Ga 28 i V 
0 3 9 > s a a ) 4 8 2 16 20 24 
DAY DURING WHICH DEATH OCCURRED DAY DURING WHIGH DEATH OCCURRED n 
: : I 
Fig. 1.—Cumulative death rates observed among male dba line 1 mice within thirty days of 
intracerebral injection with varying doses of five strains of H. capsulatum. r 
mild.” These groupings were recorded for the lesions observed in the brain, t} 
the liver, and the spleen, which appeared to be the chief organs involved. st 
These lesions were as follows. In the brain there was a meningitis which in Sa 
most instances was purely mononuclear in character, while in a few cases poly- ne 
morphonuclear leucocytes were intermingled. The reaction occasionally was Tl 


granulomatous in character with numerous macrophages being present. 
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In the liver, focal areas of necrosis and reticuloendothelial hyperplasia 

were encountered, while in the spleen the lesion was reticuloendothelial hyper- 

plasia of varying intensity. This reticuloendothelial hyperplasia was found 
in an occasional lymph node. 


Any additional lesions were listed under the organ involved. The dis- 
erepancies which appear in Table III are explained in the footnotes of the 
table. 


Zenker fixation was used for all tissues and the sections were stained with 
hematoxylin and eosin and Goodpasture’s bacterial stain. 


Examination of the data (Table ITI) reveals that of those animals which 
died spontaneously, Strain 156 caused more moderate to severe reactions in 
the brain than any of the other strains used in the experiment. This was true 
of all mice injected with this strain regardless of dose. This finding was also 
true, but in a less marked fashion, in the lesions found in the liver and spleen. 
The only other mice exhibiting lesions classed as moderate to severe in the 
brain were those injected with Strains 167 and 155. With Strain 167, two of 
six animals showed moderate to severe lesions after a dose of 100,000 to 199,999 
organisms while only one animal out of seven injected with Strain 155 in the 
dose range 20,000 to 99,999 organisms showed lesions of this severity. None 
of the sacrificed animals in any group at any dosage had lesions of more than 
mild degree in the brain. 

The correlation between strain of Histoplasma and lesions in the liver 
and spleen did not hold quite so well as in the case of the brain. Strain 155 
was the only one which did not give a moderate to severe lesion in the spleen 
at any dosage in either those animals dying spontaneously before the thirtieth 
day or those sacrificed on the thirtieth day of the experiment. However, in 
this group of animals one sacrificed animal showed a lesion in the liver which 
was classed as moderate to severe at a dosage level of 20,000 to 99,999 
organisms. 

With Strains 156, 167, 5, and 170, varying numbers of animals showed 
splenic lesions of moderate to severe intensity. This was true at any dosage 
in both the sacrificed group and those dying spontaneously. 

With regard to lesions of the liver, Strain 156 produced more lesions 
classed as moderate to severe than any other strain; Strain 5 produced lesions 
which were next in severity; Strains 167 and 170 produced lesions of approxi- 
mately equal severity. Only one animal injected with Strain 155 showed a 
lesion rated as moderate to severe. This was in a sacrificed animal which had 
received a dose of 20,000 to 99,999 organisms. 

No pattern was noted in the incidental lesions found in mice injected with 
the various strains of Histoplasma. The most common such lesion with all 
Strains was a granuloma-like lesion in the lung. Organisms were not neces- 
Sarily present in all of these. The second most common finding was areas of 
necrosis and fibrosis in the myocardium, but rarely were organisms found here. 
The ‘ardiae lesions were not restricted to animals which succumbed to the 
Infection since some were found also in animals which were sacrificed. 
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HOWELL, JR., AND KIPKIE 


Other lesions were found with considerable infrequency in the adrenal 
(Strains 167 and 170), lymph nodes (Strains 5 and 156), and kidney (Strain 
167). Rarely was Histoplasma found in these sites. The fungus was recovered 
in culture from the brain and/or spleen of each of the animals injected with 
any strain of Histoplasma except three. All cultures from each of these three 
animals were overgrown with contaminants. 

Each of the mice in this experiment was weighed on the day of injection 
and at intervals thereafter. With but few exceptions, all groups of mice in- 
jected with Histoplasma lost weight progressively from the second to the tenth 
day after injection. While the animals injected with saline alone lost slightly 
during the first four days after injection, they had regained their original 
weight by the tenth day. 

No significant differences could be demonstrated in the rate of weight loss 
between those injected with different strains of the fungus, although the per 
cent of animals which died spontaneously following injection and the time 
by which any given per cent of the mice were dead varied markedly with the 
strain of the fungus. Similarly, no significant differences in rate of weight 
loss could be demonstrated in animals which died spontaneously or were sacri- 
ficed on the thirtieth day after injection with any given strain of the fungus. 


SUMMARY AND CONCLUSIONS 


The relative virulence of five strains of H. capsulatum has been investi- 
gated in male dba line 1 mice by intracerebral injection. On the basis of the 
per cent of animals which died spontaneously within thirty days after injec- 
tion, the time at which death occurred, and the extent and character of the 
lesions observed, in both those that died and those that were sacrificed, it has 
been shown that there appear to be marked differences in virulence of these 
five strains of the fungus. These differences in virulence would appear to 
make preliminary virulence studies of a particular strain necessary as a means 
of providing a common base line of reference in subsequent experiments. This 
would also provide a base line for the comparison of the results of other 
investigators. 
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THE PROPHYLAXIS AND TREATMENT OF ACUTE RESPIRATORY 
DISEASES WITH ANTHISTAMINIC DRUGS 


I. PropHyLactic TREATMENT IN NAvy MALE RECRUITS 
THE PERSONNEL OF UNITED STATES NAVAL MEDICAL RESEARCH Unit No. 4* 


NTIHISTAMINIC drugs have been reported to be effective in the treat- 
A ment*’ and prophylaxis** of the common cold. It has also been postu- 
lated that early therapy of colds with these drugs would reduce complications 
and prevent the dissemination of the infectious agent to others.t These studies 
have been subject to criticism, mainly on the grounds that they have depended 
on self-diagnosis of colds with little evidence that the clinical syndromes in 
which good results were obtained were of infectious origin, that most of the 
studies had been inadequately controlled, and that bias had not been elim- 
inated.® ® 

The present study was undertaken in February, 1950, to determine 
whether an antihistaminic drug can prevent the common cold and other acute 
respiratory diseases in a recruit population. The psychological element was 
minimized as far as possible by a calculated local publicity program. All reci- 
pients of treatment were led to believe that they were receiving the antihista- 
mine and that an untreated group would form the control series. In actuality 
a placebo was dispensed to one-half of those who received treatment. Bias 
on the part of the observers was minimized by concealing the identities of the 
preparations used until the completion of the study. 

In recruit populations, minor acute respiratory infections, presumably 
caused by one or more viruses, are epidemic. The clinical and epidemiologic 
characteristics of these infections are those which have been ascribed to the 
common cold and we have no reason to believe that these differ from the common 
colds of infectious origin which occur in the civil populations from which these 
recruits are derived. Other respiratory diseases, including influenza, acute un- 
differentiated respiratory disease, primary atypical pneumonia, and streptocoe- 
cal infections, also occur sporadically or in epidemic patterns. 

The results show no evidence that the antihistaminie drug prevented or 
effected any important alteration in the course of any of the several acute 
respiratory diseases encountered. 


: From Research Project NM 005 051.11. Research Division, Bureau of Medicine and 
Surgery, Navy Department, Washington, D. C. 

_ The opinions expressed herein are those of the authors and cannot be construed as re- 
flecting the views of the Navy Department or of the Naval Service at large. 
The use of commercially available products or preparations in connection with this 
project cannot be construed as indicating endorsement or approval of such products by the 
Naval Service or by the authors, nor as preference for one brand of antihistamine to the 
exclusion of other similar products on the market. 

Received for publication, June 19, 1950. 
; *United States Naval Training Center. Great Lakes, Ill. Participating in this studv 
were CDR J. R. Seal, MC USN, Director; LT C. E. Curtis, MSC USN, Biometrician: LT L. E. 
Anthony, MC USN. Clinical Coordinator;’ LTJG H. E. K. Sweeny, MCR, Medical Officer. Male 
Recruits ; WO R. T. Goerner, Jr., HC USN Field Laboratory; R. L. Woolridge, Immunologist;: 
», lus Johnpeter, Bacteriologist; and other civilian and enlisted personnel. Consultants were: 
Thomas G. Ward, M.D., Johns Hopkins University, Baltimore. Md.; Clayton G. Loosli, M.D., 
and William E. Lester, M.D., the Department of Medicine, University of Chicago, Chicago, II. 
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MATERIALS AND METHODS 


Description of Population.—This study was conducted in male recruits in training dur- 
ing the period from February 4 to April 14, 1950. These men, ranging in age from 17 to 
25 and averaging 19 years of age came from a geographic area corresponding to the north- 
eastern quarter of the United States. Immediately after enlistment in their home area, men 
are transferred to this station, usually in small drafts of five to fifteen men each. Upon 
arrival, they receive a complete medical examination,and are begun upon a series of propliy- 
lactic immunization, Within twenty-four to forty-eight hours after arrival they are as- 
signed to companies of about sixty men. Each company is billeted in a single large dormi- 
tory.1°0 After assignment to a company, the activities of the men occur almost entirely as a 
part of a sixty man unit. Companies have little contact with other companies while in the 
barracks, during meals, classes, or drill periods. During the first four weeks there is no 
contact with activities outside of recruit training except with officers and instructors. Con- 
tacts between recruits and these other personnel are casual, brief, and limited largely to the 
outdoors or in the relation of students to an instructor. During the fifth or sixth week com- 
panies are assigned to service week and have prolonged daytime contact with permanent 
personnel of the Recruit Training Command. During the last six weeks of training, occa- 
sional liberty, allowing visiting of near-by cities for not more than one afternoon a week, 
is permitted. Each company is under the direct command of a senior petty officer through- 
out its ten weeks of basic training. Mingling of men between companies occurs for brief 
periods in the central recreation building in the evenings. The most extensive mingling 
with others occurs in the regimental dispensary and Naval hospital. Men who are hospital- 
ized for an illness of over three day’s duration are ordinarily reassigned to a new company. 

Preparations Used.—Thonzylamine hydrochloride* was selected on the basis of availa- 
bility, use in a previous study,4, 7 reported effectiveness as an antihistamine11-16 and the low 
incidence of side effects and toxic reactions.4, 7, 11-17. The dosage was 100 mg. daily, divided 
into 50 mg. doses each morning and each evening. A placebo tablet,t similar in appearance and 
flavored to a bitter taste, was used as a control medication. Treatment was begun on each 
man immediately after his assignment to a company and continued throughout training. 

Plan of Study.—Beginning the first week in February, 1950, companies in their first 
week of training and new companies entering training were assigned in rotation to three 
groups. One of these groups, composed of six companies, received antihistamines. The sec- 
ond group, also of six companies, received the placebo, and the third group, numbering seven 
companies, received no treatment. 

By arrangement with the Recruit Training Command, the administration of the 
preparations was placed under the supervision of the Company Commander. He was fur- 
nished the required daily dosage each day in a bottle labelled only with the company’s num- 
ber. Twice daily the company lined up in alphabetical order, each man filed by the drink- 
ing fountain, was issued two tablets and was watched while he placed them in his mouth 
and swallowed water. A daily random check on the administration of the tablets was main- 
tained by personnel of NAMRU-4. About 1 per cent of the men objected to participating 
in the study and were excused. 

The incidence of acute respiratory diseases occurring in this population was measured 
by two methods: (1) repeated surveys and (2) a count of those visiting the dispensary. 
Surveys were conducted by two teams, each headed by a medical officer, who interviewed the 
entire company in its dormitory at about 4:30 P.M. An oral temperature and nose and throat 
cultures were obtained on all men in the company. Each man was questioned regarding 
symptoms of respiratory disease present at the time of survey or within the preceding six 
days. All admitting symptoms were examined by the medical officer who classified tle symp- 

*Thonzylamine hydrochloride. N, N dimethyl-N’p-methoxybenzyl-N’ (2-pyrimidyl) ethyl- 
enediamine monohydrochloride in tablets containing 25 mg. of thonzylamine with amijel 
powder, potato starch powder, and terra alba. 


, ee tablets contained terra alba powder, amijel powder, white oil and sucrose octa 
acetate, 
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toms as being predominant in the upper or lower respiratory tract, determined the duration 
of symptoms, examined the pharynx, and classified the nasal discharge obtained when the 
man blew his nose into a cellulose tissue. 


The first survey was conducted as soon as possible following the beginning of train- 
ing, usually during the first week. At this survey a short talk was made explaining the 
purpose of the study and that the teams were not connected with the regimental dispensary. 
This minimized the concealment of illness in fear of being hospitalized and transferred to 
another company. It also avoided false reporting as no benefit could be derived. 


The preparations used were unpacked upon receipt and labelled with code numbers by 
one of us (J. R. 8.). The code used was not disclosed to any other person until all results 
had been compiled. This observer (J. R. S.) participated in the surveys but did not know 
the code number of the preparation being taken by the company assigned him for survey. 


Criteria Used.—The classification of respiratory disease at survey was 
based upon the man’s statements as to the localization of major symptomatology. 

The following criteria were observed in classification. 

Head Cold: Those cases in which the man volunteered only symptoms 
of the upper respiratory tract as the predominant complaint with or without 
an accompanying sore throat. 

Chest Cold: Those eases in which the man volunteered only symptoms 
of the lower respiratory tract as the predominant complaint with or without 
an accompanying sore throat. 

Head and Chest Cold: Those cases in which the man volunteered infor- 
mation relating to symptoms in both upper and lower respiratory tracts. 

Sore Throat Only: Those cases in which the only complaint was a sore 
throat, regardless of whether it was continuous or intermittent. Symptoms 
relating to the nose or clest were denied. Complaints of dryness or vaguely 
described symptoms were not enumerated in the results. 


In each man with symptoms, the pharynx was examined for redness and 
the finding of either a marked hyperemia or diffuse redness was recorded. 
Also, the presence of hyperplasia of the lymphoid follicles on the posterior 
pharyngeal wall or of exudate was recorded. The nasal discharge was classified 
as being either serous or purulent by direct examination of specimen. 


Recovery of a man from a respiratory infection was counted upon his 
statement that he had recovered. A reinfection was not credited unless there 
had been an interval of at least one week between recovery and the onset of 
Symptoms relating to the new infection. 

Men absent from a survey were not counted at any subsequent surveys. 
Men transferred between companies were removed from the population of their 
original company on the date of transfer and not counted in their new company. 

Methods at Regimental Dispensary—All men who presented themselves at the regi- 
mental dispensary complaining of a respiratory disease were seen by one of two medical 
officers (H. E. K. 8. and L. E. A.). Oral temperature, history, symptoms of present. illness, 
and the results of examination were recorded on a marginal punch card. Nose and throat 
cultures were obtained on each man at the time of his first visit. A nasal washing and 


paired acute and convalescent blood specimens were obtained on the majority of men who 
had fever of 100° F. or more and who had been symptomatic for forty-eight hours or less. 
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The nasal findings on speculum cxamination in each patient were classified as follows:4 Phase 
0: Normal. Phase I: Pale, edematous mucosa and serous discharge. Phase II. Red mucosa 
and serous discharge. Phase III: Red mucosa and purulent discharge. 

Patients with a temperature of 100° F. or over were arbitrarily admitted to the dis- 
pensary wards. Those not admitted were required to return in forty-eight hours for examina- 
tion. If the nasal findings remained in Phase I or II, the patients were required to return 
after an additional forty-eight hours. The oral temperature was taken on each revisit. A 
final diagnosis, according to criteria patterned after those of The Commission on Acute 
Respiratory Diseases,!*, 19 was assigned prior to termination of observation on each patient. 
Admitted patients were continued on the same dosage of the code numbered preparation 
being used in their company. The ambulatory patients continued with their companies, 
Roentgenographs of the chest were obtained on the majority of admitted patients. 
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Fig. 1.—Weekly admission rate for patients with acute respiratory diseases (upper curve) 
and isolation of influenza viruses in Navy male recruits. 


OBSERVATIONS 


Epidemiologic Background of Study.—F rom studies on the incidence and 
nature of acute respiratory diseases in the male recruit population, continu- 
ously in progress since October of 1948, the incidence of admissions to the regi- 
mental dispensary from the recruit population as a whole is shown in Fig. 1. 

A few cases of influenza due to type B influenza virus were identified 
among the admissions prior to February 18, and they aecount for all the 
positive nasal washings shown before that date in Fig. 1. Between February 
24 and March 25, an epidemic of influenza due to type A prime virus occurred. 
The attack rate was estimated at about 20 per cent. 

Streptococcal infections were not common. The weekly incidence of recov- 
ery of Group A streptococci from the nose and throat cultures taken from all 
who visited the dispensary complaining of a respiratory infection varied be- 
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tween 4 and 7 per cent. The weekly incidence from those with nonrespiratory 
complaints ranged from 1 to 3 per cent. Other bacterial infections and com- 
municable diseases were rare. 

Results—A total of 1,103 men were studied. At the beginning of observa- 
tions the antihistamine group numbered 352 men, the placebo group, 337 men, 
and the untreated group, 414 men. In the data derived from surveys, those 
classified as having ‘‘head and chest colds’’ have been arbitrarily included 
under chest colds. Those having only sore throats were not counted as colds 
but were removed from the remaining asymptomatic population at each survey. 

In Table I is shown the number of men with respiratory infection found 
at successive surveys. Included are those men admitted to the dispensary 
wards in the interval between surveys. At all surveys following the first, only 
the number of colds developing in men who had been asymptomatic at all 
previous examinations are shown. 

Fifty-five per cent of the men in each of the treated groups found to have 
colds at the first survey had experienced the onset of symptoms before the be- 
ginning of the prophylactic treatment. Thus, it is only at the second or later 
surveys that colds can be considered to have developed under treatment. 

Table II presents a summarization of the results of the second, third, and 
fourth surveys as related to the men who were asymptomatic at the first survey. 


TABLE II. Tora RESPIRATORY INFECTIONS IN NAVY MALE RECRUITS WHO WERE ASYMPTO- 
MATIC AT First SURVEY AND WERE FOUND INFECTED AT THE SECOND, THIRD, 
OR FOURTH SURVEYS 












































REMOVED 
_____— eo 4 SORE FROM ASYMPTO- 
HIEAD | CHEST | TOTAL THROAT STUDY MATIC 
TREATMENT NO, | % | NO. | % | NO. | % NO. | % NO. | % NO. | % | TOTAL 
Antihistamine 56 32] 43 24 99 56 9 5 1S 10 50 29 | 176 
Placebo 143 30} 40 28] 83 58 9 6 19 13 32 23| 143 
None | 62 34] 63 35] 125 69 7 #4 19 10] 30 174] 181 
Total. | 161 32| 146 29| 307 61] 25 5 | 56 11{ 112 23) 500 


In Table III are shown the results of the application of the Chi square 
test in evaluating the results present in Table IT. 

A statistically significant difference at the 0.05 level exists when the anti- 
histamine-treated and the untreated (none) groups are compared. The pri- 
mary elements contributing to this significant difference occurred between the 
first and second surveys in the preponderance of chest colds in the untreated 
group. 


TABLE III. RESULTS OF THE APPLICATION OF THE CHI SQUARE TEST TO DATA PRESENTED 
IN TABLE IT 











GROUPS COMPARED ~~——S|—SsC CHL.-s« SQUARE | n | P 
Antihistamine, placebo, and untreated 11.167 8 0.19 
Placebo and untreated 4.47] 4 0.39 
Antihistamine and untreated 9.286 4 0.05 
Antihistamine and placebo 2271 4 0.69 
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In the case of head colds, the differences are not statistically significant 
from group to group by summarized results or by individual survey. 

The results have so far been concerned only with those men who were 
asymptomatic at one survey and had a cold at the next survey. When a man 
developed symptoms he was removed from the asymptomatic population and 
placed in a symptomatic population. Many of those who were asymptomatic at 
the first survey, but who later developed a respiratory infection, recovered from 
that infection and became reinfected before subsequent surveys. The experience 
of this symptomatic group throughout their later weeks of treatment as found 
at the third and fourth surveys is shown in Tables IV and V. 

Tables IV and V show no significant increase in the number of recoveries, 
differences in the number hospitalized, or decrease in the number of reinfec- 
tions in the antihistamine group when it is compared to the other two groups. 
This is an important observation in view of the influenza epidemic which oc- 
curred; for, while one of the illnesses may have been due to influenza, it is not 
likely that both were. 


FIRST AND SECOND SURVEYS 


COLD 









































4 chest cold or vice versa. 


ASYMPTOMATIC AT FIRST AND SECOND SURVEYS AND WHO DEVELOPED A RESPIRATORY INFECT 
BETWEEN SECOND AND THIRD SURVEYS 
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TaBLE LV. EXXPERIENCE OF NAVY MALE RECRUITS BETWEEN THE SECOND AND THIRD SURVEYS WHO WERE 
ASYMPTOMATIC AT THE FIRST SURVEY AND WHO DEVELOPED RESPIRATORY INFECTION BETWEEN THE 


HEAD CHEST | ae Real 1 
TREATMENT TREATMENT 
ANTI- ANTI- in : - 

EXPERIENCE BY HISTAMINE PLACEBO NONE HISTAMINE PLACEBO | NONE 

THIRD SURVEY No. | % | NO. | % | NO. | % | NO.| % | NOW| % | NO | GW 
Number of colds 42 100 31 100 55 100 22 100 28 100 45 100 

at second survey 
Recovered on 74 23 74 44 80 19 86 19 68 37 83 
Continued 7 7 7 23 7 13 0 0 6 21 6 13 
Hospitalized 1 2 1 3 1 2 ] 5 3 1] 0 0 
Absent from survey 3 7 0 0 3 5 2 9 0 0 2 4 
Became reinfected* 9 29 4 17 6 14 y 5 2 1] 7 19 


*Percentage is of those who recovered. Includes men who recovered from a head cold and developed 


TaBLE V. EXPERIENCE OF Navy MALE Recruits BETWEEN THE THIRD AND FourtH SuRVEYS WHO WERE 








: . COLD 
, HEAD CHEST 
1 TREATMENT TREATMENT 
ANTI- ANTI- | 
EXPERIENCE BY HISTAMINE PLACEBO NONE HISTAMINE | PLACEBO | ___ NONE 
_ FOURTH SURVEY No. | % NO. | % | NO. | % | NOW| & No. | % No. | & 
7 Number of colds 23 100 14 100 35 100 1] 100 10 100 19 100 
at third survey 
m Recovered 17 74 9 64 27 V7 8 13 5 50 15 79 
“ntinued 2 9 4 29 0 0 2 18 5 50 1 5 
a6 Hospitalized 0 0 0 0 2 6 0 0 0 0 ] 5 
Absent at survey 4 17 1 7 6 17 | 9 0 0 2 
Seeame reinfected* 3 18 0 0 6 26 2 25 l 20 3 20 








*Percentage is of those who recovered. 
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The weekly incidence of head colds and chest colds as found at survey 
throughout the period of study is shown in Fig. 2. Also shown are the admis- 
sion rates in these categories from the nineteen companies. Concurrent with 
the epidemic of influenza there was a marked increase in the admission rates of 
patients in whom cough was a predominant symptom. Preceding the peak ad- 
mission rates but coinciding with the increase, there was also a peak in the rates 
for head co!ds. and chest colds found at survey and for patients with head 
colds admitted. 
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Fig. 2.—Weekly incidence of head colds and of chest colds in Navy male recruits in the 
antihistamine study as determined by survey and by dispensary admissions. 


From the nineteen companies, 347 men with respiratory infections were 
seen at the regimental dispensary. Of these men, 168 or 45 per cent were ad- 
mitted. The per cent of each group is as follows: antihistamine, 12; placebo, 
15; and untreated, 18. 

Those patients who visited the dispensary who had neither exudate in the 
pharynx nor abnormal findings in the chest were classified as acute undifferen- 
tiated respiratory disease (ARD). This would include all diagnosed as having 
the common cold, influenza, laryngitis, bronchitis, or (non-exudative) pharyn- 
gitis by the ordinary nomenclature. Those with exudate in the pharynx were 
classified as exudative disease (EXD). All cases of primary atypical pneu- 
monia (PAP) were confirmed by x-ray. 

The number of illnesses reported from the three treatment groups and the 
diagnostic classifications assigned these illnesses are shown in Table VI. 

Six cases of influenza were identified among patients admitted with a diag- 
nosis of acute respiratory disease. Two were in the antihistamine group and 
four in the placebo group. 

Questioning men at survey revealed that 81 per cent of those with respira- 
tory infections had not reported them to the dispensary. As the men who were 
on the dispensary wards at the time of survey were not available for question- 
ing, the actual percentage who did report their illness is somewhat higher and 


it is estimated that those visiting the dispensary represent about 25 per cent ol 
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the total illnesses. There was no difference in the three groups in this regard, 
the respective percentages of men who had not reported their illness being 82 
per cent for the antihistamine, 79 per cent for the placebo, and 83 per cent for 
the untreated group. Thus, the antihistamine apparently did not modify symp- 


TABLE VI. DIAGNOSES ASSIGNED TO NAVY MALE RECRUITS VOLUNTARILY REPORTING 
RESPIRATORY DISEASE AT THE REGIMENTAL DISPENSARY 
























































TOTAL 
NUMBER DIAGNOSIS RESPIRATORY 

IN ARD EXD PAP DISEASE 
GROUP GRouP | NO. | & No. | & NO. | & No. | % 
Antihistamine By 93 26 6 2 1 0.3 100 28 
Placebo 3a7 83 25 10 2 2 0.6 95 28 
Untreated 414 129 31 18 4 5% 1.0 152 37 
Total | 1,103 | 305 28 3 4 8 0.7 347 32 








ARD, acute respiratory disease. 
EXD, exudative disease. 
PAP, primary atypical pneumonia. 


toms to the extent of diminishing the number of men who voluntarily visited 
the dispensary seeking other treatment, and the differences between those re- 
ceiving tablets and those who did not are not due to mere failure to report ill- 
ness by the treated groups. 

At the first survey, 922 of the 1,103 men, representing five companies from 
each group, were individually questioned and those who did not admit symptoms 
were required to blow their noses into a cellulose tissue. Forty seven per cent 
admitted no symptoms, 32 per cent had head colds, 10 per cent chest colds, 6 
per cent head and chest colds, and 5 per cent only sore throats. At the second 
survey 466 of these men were re-examined. Thirty seven per cent had no 
symptoms, 38 per cent had head colds, 12 per cent chest colds, 9 per cent head 
and chest colds, and 4 per cent sore throats. 

Group A streptococci were recovered from forty-nine of the nose and throat 
cultures taken in these two surveys. Seventeen of the positives were from 
men who had no symptoms, twenty were from men with head colds without 
sore throats, nine were from those with colds and a sore throat, and three were 
from those with sore throats only. Thus, it can be said that the symptom sore 
throat was unrelated to streptococcal infection in all exeept a very few in- 
stances, . 

Thirty three per cent of those with head colds and 40 per cent of those 
with chest colds had an accompanying sore throat. One half of these were de- 
scribed as being ‘‘raw’’ or ‘‘rough’’ and were intermittent, being most fre- 
quently present upon awakening. Thus, only 15 to 20 per cent of those who 
had colds had a definite sore throat as a part of their symptomatology. 

A comparison of oral temperatures, pharyngeal findings, and types of nasal 
discharge in 491 symptomatic and 431 asymptomatic recruits at first survey is 
shown in Fig. 3. 

Prior to the first survey eight men had been admitted from these companies, 
of which seven would have been classified as having chest colds. Five of the 
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eight had fever of 100° F. or over, four had sore throats, six had redness of the 
pharynx, and seven had a purulent nasal discharge. One received a diagnosis 
of exudative disease, the other seven, acute undifferentiated respiratory disease. 

The findings at the second survey were essentially the same except for a 
slight decrease in the percentage febrile in all classes. The percentage of ab- 
normal pharyngeal findings in those with only sore throats increased from 64 
to 89 per cent and there was an increase in the percentage of purulent nasal dis- 
charges in all classes except those having only sore throats, where there was a 
decrease from 19 to 6 per cent. 
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Fig. 3.—Oral temperature, nasal discharge, and pharyngeal findings at first survey in 922 Navy 
male recruits—431 asymptomatic and 491 symptomatic for acute respiratory disease. 

Those visiting the dispensary, when classified into head colds and chest 
colds according to the presence of cough, presented a different picture. Twenty- 
three per cent of the sixty-one classed as having head colds and 52 per cent of 
the 286 classed as having chest colds had a fever of 100° F. or more at the first 
visit. Of the total patients with respiratory disease seen at the dispensary, 80 
per cent had nasal symptoms, 72 per cent sore throats, 80 per cent coughs, 94 
per cent rhinitis, and 74 per cent abnormal pharyngeal findings. I ever, sore 
throat, cough, sputum, and constitutional symptoms were more prominent in 
the clinical picture of the men who visited the dispensary than in those seen 
at survey. As might be expected, these symptoms were more frequent in those 
who had a fever of 100° F. or over and were admitted than in those 
with lesser degrees of fever who were not admitted. Sixty-one per cent of all 
visiting the dispensary had a purulent nasal discharge at the time of first 
visit, in 7 per cent the nasal findings were classed as Phase I, and 32 per cent 
were classed as Phase II. There were no important differences in symptoms 
or findings at either survey or in dispensary patients when analyzed by treat- 
ment group. 
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A positive history for allergy was obtained in 6 per cent of those who 
visited the dispensary. Answers positive for a history of hay fever, urticaria, 
or food or drug reactions were obtained in 4 per cent of the 100 men from 
the antihistamine group, 9 per cent of the 95 men from the placebo group, 
and 7 per cent of the 152 from the untreated group. No effort has been made 
to exclude these cases from the results. 

Side effects from treatment were rare. Four men in the antihistamine 
group were removed from treatment because of moderate or severe reactions 
consisting of headache and drowsiness. Another also had nausea and vomiting. 
One man in the placebo group was removed from treatment because of head- 
ache and drowsiness. 


DISCUSSION 


The evaluation of any agent in the prophylaxis or therapy of one of the 
acute respiratory diseases hinges about the accurate identification of that dis- 
ease. In the case of a therapeutic agent for minor respiratory diseases it also 
involves the adoption of methods capable of measuring differences in diseases 
which are characteristically diversified in their clinical manifestations and 
course and in which spontaneous recovery occurs within a few days in many 
patients. Dingle’? has reviewed the current concepts of that group of diseases, 
due to or presumably due to infections with viruses, from which the common 
cold must be differentiated. After exclusion of acute respiratory diseases of 
bacterial origin and those of virus origin which can be identified by laboratory 
methods, he places the ‘‘common cold’’ at the lower end of a spectrum of dis- 
eases which, as they ascend the scale, increase in fever, constitutional symp- 
toms, and involvement of the lower respiratory tract. 

Much of the current knowledge concerning the differentiation of the eom- 
mon cold into a specific disease entity, caused by a single strain or, more proba- 
bly, by several strains of related viruses, has resulted from studies conducted 
with human volunteers.2°?* The Commission on Acute Respiratory Diseases” 
has separated the common cold (CC), acute respiratory disease (ARD), and 
primary atypical pneumonia (PAP) into distinct etiological entities on clinical, 
epidemiologic, and immunologic evidences. The common cold is described «is 
being a minor acute respiratory. infection in which coryzal symptoms predomi- 
nate and in which significant degrees of fever and constitutional symptoms 
occur in a minority of patients. The incubation period is twenty-four to forty- 
eight hours. No evidence of immunity was present approximately two weeks 
after the infection. Acute respiratory disease is clinically differentiated from 
the common cold by the greater severity of constitutional symptoms, fever, a 
paucity of nasal symptoms, early involvement of the throat, and an incubation 
Period of five to six days. An infection apparently confers immunity of un- 
known duration. Andrews”? has also reviewed the work done at the Common 
Cold Research Unit in England and the problems connected with the study of 
this disease. Human volunteers inoculated with virus-containing materials, 
kept going from one volunteer to another, have responded with a respiratory 
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infection characteristic of the commonest type of cold prevalent in England. 
A serous nasal discharge turning purulent later was typical. Malaise, head- 
ache, and roughness or soreness of the throat at onset were present in the ma- 
jority. Fever was rare and cough was present in about a third of the cases, 
The incubation period was two to three days, rarely as short as twenty-four 
hours, and the duration was usually less than a week. It has also been ob- 
served that many colds abort spontaneously. Andrews believes that a high de- 
gree of resistance exists in the population to infection with the viruses which 
are constantly present in their normal environment and that the success of ex- 
perimental transmission has resulted largely from the relatively large doses 
which overwhelm natural immunity. He cites the difficulty experienced in 
producing deliberate cross infection from a cold sufferer to a normal person, 
and the fact that only about 60 per cent of those inoculated develop colds, as 
evidences for immunity. Ward and Proctor®’® have also isolated a virus from 
an individual suffering from a respiratory illness diagnosed as the common cold, 
have successfully passed the virus in embryonated eggs, and have been able to 
infect human volunteers with the egg material. The colds produced have again 
heen characterized primarily by rhinitis and the clinical picture generally was 
similar to that present in the source patient, although considerable variation 
was found. 

The observations on male recruits during this study indicate that several 
distinct respiratory diseases of differing etiology occurred. Men arrive in small 
groups from differing geographic areas and are formed into sixty man com- 
panies. Within the company they are in prolonged and intimate contact and 
acute respiratory diseases spread rapidly among them. Ly the time of be- 
ginning the prophylactic treatment approximately one half had acquired some 
type of respiratory disease and few men escaped contracting one or more re- 
spiratory diseases during their ten weeks in training. 

By classifying these diseases into head colds and chest colds, when found 
at survey in men who were continuing their usual duties, an attempt was made 
to separate the common cold from the more severe types of respiratory disease. 
Although it was recognized that many individuals with the common cold have 
some degree of cough or other symptoms indicating involvement of the lower 
respiratory tract, this classification should serve to set apart in the group of 
head colds a majority of the infections in which antihistaminie drugs have 
been reported to be highly useful. That this was at least partially successful 
is indicated by the relatively low incidence of fever and purulent nasa! dis- 
charges in men so classified and by the short duration of their illness. There 
seems every reason for believing that this type of respiratory infection would 
have been accepted as the common cold throughout the military forces, in im- 
dustrial plants, among students, or in civil populations generally, both by the 
victim and by his physician, as indeed they were by the men and by the Naval 
physicians who saw them. Influenza, primary atypical pneumonia, and the 
more severe illnesses were generally accompanied by more severe symptoma- 
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tology and involvement of the lower respiratory tract. That influenza also oe- 
curred in those whose only clinical illness was a head cold is strongly sug- 
gested by Fig. 2. This is supported by the finding in serologic surveys, done 
as a part of another study, that in three individuals having a fourfold rise 
in hemagglutination inhibition titer against FM1 virus, only head colds had 
been recorded during their period of training. Conversely, eleven others who 
had been found to have either head colds or chest colds at survey exhibited no 
rise in titer. 

There being no satisfactory technique at present for the laboratory identi- 
fication of the ‘‘common cold virus’’ which does not involve the use of human 
volunteers, we have made no effort to meet the criterion for diagnosis which 
has been suggested for evaluating the antihistamines.’ This would seem unne- 
cessary in populations such as these recruits where the infectious nature of the 
disease is quite evident and where a large proportion of such diseases are minor 
respiratory illnesses of the type which have been selected as donor cases for 
those studies which have involved experimental transmission to human volun- 
teers of the virus of the ‘‘common cold.’’ 


The failure of the antihistamines to prevent the common cold or other re- 
spiratory diseases encountered, as measured by the methods used in this study, 
is in direct disagreement with the results obtained by others.” 7 To compare 
the present study and theirs is difficult owing to the differing epidemiologic 
backgrounds and methods. They apparently relied upon the voluntary report- 
ing of ‘‘colds’’ developing in their groups on prophylactic treatment and did 
not report on the incidence of respiratory diseases in their populations. In 
particular it is difficult to determine whether they concealed the identity of 
the preparations from both the recipients and the observers and to what extent 
the personal bias of the observers may have influenced the results if conceal- 
ment was not complete. We believe that we were highly successful in this 
regard and a poll of the observers including officers, enlisted men, and civilians 
who participated indicated no uniformity of opinion as to which had been the 
antihistamine. In the present study the results are in agreement with those 
of Feller and associates** obtained in human volunteers. 


Despite our efforts we find ourselves unable to make any confident estimate 
as to the proportion of minor illnesses counted as colds which may have been due 
to influenza or other diseases. It is well known that during epidemics, mild 
and abortive cases are frequently seen and that immunologic evidences of in- 
fection can often be obtained from patients who have had no symptoms of any 
kind. The mere fact that many of these men had a series of respiratory in- 
fections would serve to indicate that we dealt with multiple infectious agents, 
not all of which were influenza virus, and the antihistamine demonstrated no 
ability at reducing these multiple infections. 

The significant differences between the numbers of respiratory illnesses 
occurring in those who did not get treatment in comparison with the two treated 
groups cannot be explained. Undoubtedly a psychological factor may have been 
present but, as this difference exists not only in men reporting minor illness 
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but also in those having fever of 100° F. or more and admitted to the regei- 
mental dispensary, there would seem to be other factors responsible. It may 
be due to differences in the length of stay on the station before entry into 
scheduled training by the companies forming the groups, a factor on which 
there was no reliable information. Certainly it indicates the need for care- 
fully controlled studies ysing several groups of controls, at least one of which 
is treated with placebos, in efforts at evaluating prophylactic measures in these 
populations. 
SUMMARY 


An antihistamine was used in prophylactic dosage in 352 male recruits 
throughout their training period. A group comparable in size and stages of 
training was treated with placebos, and a third similar group was given no treat- 
ment. A high incidence of acute respiratory diseases occurred in the popula- 
tion during the study between February and April, 1950, the majority of 
which were clinically classifiable as the common cold. An epidemic of influenza 
due to influenza virus, type A prime, complicated the study and it was not 
possible to effect a completely satisfactory clinical separation of all cases of 
influenza from other types of respiratory disease. No evidence was found that 
the antihistamine prevented these diseases or effected any important alteration 
in their symptomatology. 
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PROPHYLAXIS AND TREATMENT OF ACUTE RESPIRATORY 
DISEASES WITH ANTIHISTAMINIC DRUGS 
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Navy MALE REcRUITS 
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e A preceding study’ an antihistamine was shown not to be effective in pre- 
venting or modifying the symptomatology of acute respiratory diseases occur- 
ring in a population of Navy male recruits during the period February 4 to 
April 14, 1950. The present study was undertaken between April 10 and 18, 
1950, following the influenza epidemic. Two antihistaminic drugs were used 
in therapeutic dosage. These did not prevent the common cold or modify 
the course in those who developed colds. 


MATERIALS AND METHODS 


Description of Population—Six companies of Navy male recruits were used in this 
study. The sixty-two men composing one company arrived on board on March 28 and en- 
tered their second week of training on the date of beginning treatment. The 295 men in 
the other five companies arrived at the station between March 30 and April 5, and these 
companies entered the first day of training on the date of beginning treatment. 

Preparations Used.—Thonzylamine hydrochloridet and Trimeton} were selected for use 
on the basis of their availability, antihistaminic activity, and low toxicity.1-6 Thonzylamine 
hydrochloride was given in three doses of 75 mg. each, totaling 225 mg. daily. Trimeton 
was also given in three doses of 30 mg. each, totalling 90 mg. daily. A placebo tablet was 
used also. 

Plan of Stwdy.—The men in each company were divided into three approximately equal 
sections by enumerating from an alphabetical roster. Three groups were formed, Each 
group was formed by the selection of one section at random from each company. 

The two antihistamines and the placebo were furnished to the group conducting the 
study, in identical bottles labelled only with code numbers, by one of us (J. R. 8.) who did 
not participate in the course of this study. The identity of the preparations was not re- 
vealed until the study had been completed. 

On April 10, a survey for acute respiratory disease was made in all six companies by 
three teams of examiners. A series of questions had been formulated to be used uniformly 
by each team and the teams were indoctrinated. Each man in the company was questioned 
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about the presence of symptoms of respiratory infection. The nature of symptoms and 
their duration were recorded. When the examiner completed the questioning of a man, a 
second member of the team dispensed three tablets of the appropriate preparation and ob- 
served the man while he took the tablets. 

Following the initial dose of each preparation, all subsequent doses were administered 
by members of the staff of NAMRU-4. Doses were given at about 7:00 A.M., 11:30 A.M., and 
5:00 p.M. daily for the full eight-day period. The final dose preceded the final survey by 
two to four hours. 

On April 12, forty-eight hours later, each team of examiners again surveyed its com- 
panies. A final survey was made on April 18, eight days after the beginning of treat- 
ment, All men in each company were interviewed at each survey except for the eight men 
hospitalized during the study. 

The criteria used in classification of the acute respiratory infections encountered have 
been described elsewhere.1 


OBSERVATIONS 


At the pretreatment survey 63 per cent of the 357 men in these six com- 
panies had symptoms of a respiratory infection. In Table I the distribution 
and classification of symptoms are shown. 

The number of colds developing during the first forty-eight hours of treat- 
ment in the 133 men who were asymptomatic at the first survey is shown in 
Table II. The difference between the percentage of head colds in the antihista- 
mine I group and the placebo group is not statistically significant. 


TABLE I, PREVALENCE OF ACUTE RESPIRATORY INFECTION IN NAvy MALE RECRUITS AT 
PRETREATMENT SURVEY 














woes |_______ S=aeromAric =F 
OF MEN COLDS SORE TOTAL ASYMPTOMATIC 
TREATMENT IN GROUP| HEAD | CHEST | THROAT NO. | % No. | & 
Antihistamine I 118 36 36 a TS 65 41 30 
(225 mg./day) 
Antihistamine IT 116 35 29 6 70 60 46 40 
(90 mg./day) 
Placebo 123 43 29 5 77 63 46 3 
Total ~ | 357 | 114 94 | 16 | 224 #463 | 133 37 

















Some of those who developed symptoms did so on the day treatment was 
begun. On the assumption that the incubation period for the common cold 
ls about forty-eight hours and that the antihistamine, to be effective, must be 


TABLE II. NumBer or NAvy MALE RECRUITS ASYMPTOMATIC AT PRETREATMENT SURVEY WHO 
DEVELOPED AcUTE RESPIRATORY INFECTION DURING FIRST FORTY-EIGHT HOURS 
OF TREATMENT 


NUMBER REMAINED 











non t. BECAME SYMPTOMATIC | agyprro- 
ASYMPTO- COLDS | sorE TOTAL MATIC 
_____ TREATMENT MATIC “HEAD | CHEST | THROAT | NO. | % | NO. | % 
Antihistamine I 41 .  - Pe . & “| 14 34 27 66 
(225 mg./day) 
Antihistamine TI 46 1 | 4 3 ig 39 | 28 61 
(90 mg./day) 
Placebo 46 12 5 18 39 | 28 6 
"ee x a : a |e ee - Sen, Senta . ca 
Total 133 31 | 44 5 50. 3 83 62 
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present during the stage of invasion by the virus, the subsequent course of 
those who remained asymptomatic after forty-eight hours of treatment was ex- 
amined. In Table III is shown the number of respiratory infections develop- 
ing in these eighty-three men during the next six days of treatment. Again 
the differences which occur are not statistically significant. 
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4 5 6 
DAY OF TREATMENT 
Fig. 1.—Cumulative per cent of Navy male recruits contracting acute respiratory infections in 

the presence of antihistaminic treatment. 

Tables II and III are convincing evidence that neither of these antihis- 
tamines, at least in the dosage used, prevented the development of symptoms 
of acute respiratory infection in these men. These results are summarized in 
Fig. 1. 

TABLE III. NumsBer or NAvy MALE REcRUITS WHO HAD Not ADMITTED SYMPTOMS AT THE 


First AND SECOND SURVEYS AND WHO DEVELOPED ACUTE RESPIRATORY INFECTION 
PRIOR TO THE THIRD SURVEY 





















































~ STATUS AT END OF NEXT 6 DAYS 
wunsiee |. BECAME SYMPTOMATIC REMAINED 
ASYMP- COLDS SORE TOTAL ASYMPTOMATIC 

TREATMENT TOMATIC | HEAD | CHEST |THROAT| NO. | % No. | % 

Antihistamine I 27 1 3 5 7 26 20 74 
(225 mg./day) 

Antihistamine IT 28 7 3 24 12 48 16 52 
(90 mg./day) 

Placebo 28 a 1 9° q 95 21 15 

Total 1 1 7 | 8 | 2 3 57 69 





TaBLE IV. Navy MALe REcRuirs WHO BECAME INFECTED DURING FIRST FORTY-HIGHT 
Hours OF TREATMENT AND RECOVERED DURING NEXT SIx DAYS oF TREATMENT 
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TREATMENT NUMBER| NO, % NUMBER| NO. % |NUMBER No. | &% 
Antihistamine I 8 2 25 5 1 20 13 3 | 23 
(225 mg./day) 
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(90 mg./day ) | 
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Eight men, four from the antihistamine I group and two from each of 
the other groups, were admitted to the dispensary wards during the period of 
study. Five of these men received a diagnosis of acute undifferentiated re- 
spiratory disease (chest colds) and three had primary atypical pneumonia. 

Forty-five men developed colds during the first forty-eight hours of treat- 
ment. The recovery rate from symptoms under continued treatment with 
therapeutic dosage is shown in Table IV. 

Analysis was also made for the number who recovered from the colds 
found at the first survey in 208 men. The results are shown in Table V. 

As the recovery rate from a self-limited disease is influenced by the dura- 
tion of illness prior to the time of observation, it is necessary to consider this 
factor in the three treatment groups for evaluation of the results in Table V. 
Fig. 2 indicates that the proportion infected is relatively uniform from group 
to group by day on station. 


3 






PERCENT 
nm 
fe) 








10 
DAYS ON STATION 


Fig, 2.—Cumulative per cent of Navy male recruits with acute respiratory infections upon 
arrival at station to termination of anthistaminic study. 


Because of the staggered arrival of these men on the station, the beginning 
of treatment upon their first day of training meant that one third of them began 
treatment by their seventh day on the station, five sixths were under treatment 
on the eleventh day, and all were under treatment by the thirteenth day. How- 
ever, the method of study used all three preparations in each company and 


TaBLeE V. NuMBER OF RECOVERIES DURING EIGHT DAys oF OBSERVATION IN NAvy MALE 
Recrurirs WHo Hap SYMPTOMS OF ACUTE RESPIRATORY INFECTION AT FIRST SURVEY. 
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equal numbers began treatment with each preparation at the same time. Fig. 
2 shows that equal numbers of colds of approximately the same duration were 
present in each of the three groups at the time of entry on treatment. 

Of more importance, this figure shows that only a small percentage of the 
men arrived on the station with a respiratory disease and that the disease 
treated began within twenty-four to forty-eight hours after their arrival on the 
station and spread rapidly to involve 51 per cent of the men within seven days 
and 84 per cent by the end of this study. 










DISCUSSION 







The clinical and epidemiologic features of the common cold and the differ- 
entiation from other acute respiratory diseases has been discussed in detail else- 
where.’ The common cold has been accepted as a disease of short incubation 
period’’° which spreads rapidly in susceptible populations.'’ The major symp- 
tomatology involves the nose, although some degree of sore throat and cough 
occurs in a varying percentage. Fever and constitutional symptoms are of 









mild degree in the majority of cases. 

The majority of respiratory infections observed during the present study 
would meet criteria derived from the foregoing description and this disease, 
which is epidemic and attacks nearly all men within a period of two to three 
weeks of their arrival, probably can be justifiably classified as the true common 
cold. As shown, in Fig. 2, about 10 per cent of the men arrive aboard this 
station with colds of varying duration. About forty-eight to seventy-two hours 
after their arrival a definite outbreak begins which increases in rate to involve 
51 per cent of the men within seven days following their arrival and 84 per 
cent by the end of three weeks. Epidemiologically this is interpreted as being 
consistent with the spread in the population of a highly infectious disease 















with short incubation period. 

The doses of the two antihistamines used in the present study were deter- 
mined by trial of various doses in the staff of this facility to determine the 
maximum dose which could be administered to a number of individuals with- 
out incapacitating reactions. All doses larger than the one chosen for each of 
the preparations caused temporary incapacity in one or more of the individuals 
among the ten to fifteen trying them. These were considered to be the maximum 
doses which could be given safely prophylactically and are within the range of 
therapeutic dosage for these drugs. For one of the drugs, the dose is above 
that reported to have been highly effective in preventing colds.!* *° 

Brewster,'* in particular, has emphasized that the beginning of therapy 
within the first hour of symptoms is necessary if maximum results with these 
drugs are to be expected. It is evident in this study that neither of the anti- 
histamines demonstrated any ability to prevent the onset of symptoms of 4 
cold. Also, they did not ‘‘abort’’ colds or effect any important alteration 1 
the course or symptomatology of the colds which did develop when given i! 
therapeutic dosage over a period as long as forty-eight hours before the be- 














ginning of symptoms. 
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It would have been desirable to have begun observations and treatment at 
an earlier time following the arrival of the men on the station and it is evident 
from the data that a more critical test would involve starting men on treat- 
ment upon arrival. Thus far, however, it has not been possible to satisfactorily 
administer drugs to companies prior to their entry into scheduled training. 


















SUMMARY 





Two antihistaminic drugs, in dosage within the therapeutic range for each, 
and a placebo were administered prophylactically to a population of 357 Navy 
male recruits during the period April 10 to 18, 1950. Epidemic influenza had 
subsided and no new cases were diagnosed during the period of study. 
Neither of the antihistaminie drugs demonstrated any ability to prevent the 
common colds which were epidemic in the population. The use of therapeutic 
doses before the onset of symptoms did not result in the ‘‘aborting’’ of colds 
or any important alteration in their symptomatology and duration. 

We wish to express our appreciation to Captain K. L. Nutting, USN, Commanding 
Officer; LCDR 8S. R. Craw, USN; and the other officers and instructors of the Recruit Train- 
ing Command, U. 8S. Naval Training Center, Great Lakes, Ill., for their cooperation and par- 


ticipation in these studies. 
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WAVE ReEcruIts 
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HE antihistaminic drugs have been reported to be particularly effective 

in the therapy of illnesses diagnosed as the common cold in patients who 
voluntarily report for treatment within one to twenty-four hours after the 
onset of symptoms.'? Criteria for the measurement of results have varied 
from the acceptance of a patient’s statement that the drugs have been more 
beneficial than would be expected from his usual treatment* to the comparison 
of duration of symptoms and objective evidences of rhinitis in treated and con- 
trol patients.t The mechanism of action has been attributed to the antihista- 
mine block of histamine released during an allergic reaction stimulated by the 
virus of the common cold during the stage of invasion of the nasal mucosa.’ 

The purpose of the present study, conducted simultaneously with other 
studies in male recruits,®® was to investigate the role of the atropine-like 
action of an antihistaminie drug in whatever beneficial results might be ob- 
tained during the therapy of the common cold. Minor acute respiratory infec- 
tions were treated with atropine sulfate, a placebo, or an antihistaminic drug. 
No evidence was derived that either atropine or the antihistamine was effective 
in aborting or significantly altering the duration of symptoms. Similar effects 
on the nasal mucosa and secretion were observed with both drugs. 






















MATERIALS AND METHODS 







Description of Population.—This study was conducted in Wave recruits in training dur- 
These women, ranging in age from 20 to 30 
Two companies, each of about 75 to 80 
Upon comple- 





ing the period January 3 to April 11, 1950. 
years, are recruited throughout the United States. 
Waves, are in training and form an average population of about 150 to 160. 
tion of the ten weeks of scheduled training, these companies depart and are replaced by new 









companies, 

Members of a new company arrive on the station within a three-day period. 
arrival they are given a complete medical examination, started on routine inoculations, and 
assigned to the forming company. One company is billeted in the upper and lower dormitories 
at one end of an H-type barrack, identical to that housing male recruits. The second company 
Members of these companies have a minimum of con- 


Upon 









occupies the other end of this barrack. 
tact with other populations on the station or with those of surrounding communities. 
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Preparations Used.—The antihistaminie drug selected for use was thonzylamine hydro- 
chloride,* which had been reported to be particularly effective against the common cold and 
free of side effects.4,7 The total dosage in each patient was 200 mg. within forty-eight 
hours. The initial dose of one 25 mg. tablet was given immediately upon the acceptance of 
a patient for treatment, the balance in four 25 mg. doses per day administered at about 
7:30 A.M., 12:30 P.M., 5:00 P.M., and 9:00 P.M. An atropine placebot containing 1/250 gr. 
of atropine sulfate and similar to the antihistamine was used. The placebo tablets{ were 
similar in appearance to the antihistamine. The dosage schedules of the atropine and the 
placebo were the same as that for the antihistamine. 

Plan of Study.—All Wave recruits who visited the dispensary complaining of an acute 
respiratory infection of less than eighty-four hours’ duration were seen by one medical officer 
(P.J.B.). Those with oral temperatures of 100° F. or over and those with evidence of sinusitis 
or other complications were excluded from study, Patients requiring hospitalization and 
those with nonrespiratory complications requiring other therapy were dropped from the study. 

Each Wave visiting the dispensary complaining of a cold was examined, A history of 
allergic manifestations, recent respiratory infection, symptoms of the current illness, and 
findings on physical examination, complete with speculum examination of the nose, were re- 
corded. Nose and throat cultures were obtained on each patient, A nasal smear was obtained 
on each at the initial examination. This was stained by the method of Hansel,1° and the 
proportion of eosinophiles to other cells was determined. The nasal findings were classified 
by the medical officer as followst: Phase 0: normal. Phase I: pale, edematous mucosa and 
serous discharge. Phase II: red mucosa and serous discharge, Phase III: red mucosa 
and purulent discharge. 

Treatment was instituted on each patient immediately upon acceptance to the study, 
patients being assigned one of the three preparations in rotation. The three preparations in 
identical bottles of 1,000 tablets each were furnished the medical officer by one of us (J.R.S.), 
who did not participate in the study. The identity of the preparations was not disclosed to 
any of the observers, 

The assignment of patients to treatment and the administration of the preparations were 
arranged by a Wave hospitalman so that the medical officer had no knowledge of which of the 
three preparations a patient was receiving. All doses were given under the direct supervision 
of dispensary personnel and each dose was recorded after the patient had been observed taking 
the tablet. After the beginning of treatment, each patient returned for follow-up examina- 
tions on the second, third, fourth, and fifth days. No other drugs or treatment was used. 


RESULTS 


One hundred and sixty-five patients were admitted to study. Excluded 
from the results which follow are two who were hospitalized during follow-up, 
one who failed to complete the treatment schedule, two who had incomplete fol- 
low-up, and one who was given other medication for intervening disease. The 
results are derived from the records of the 159 patients who remained. The rate 
of accession of patients to the study is shown in Fig. 1. 


In Table I the respective percentages for patients treated within the first 
six hours of symptoms who recovered within 120 hours were: Atropine-treated, 
83 per cent; placebo-treated, 55 per cent; and antihistamine-treated, 79 per cent. 
For all those treated within twelve hours following the onset the respective per- 
centages were 67, 56, and 70 per cent, and for all treated within the first 24 
hours, 50, 50, and 57 per cent. The differences between treatment groups in 


a , *Thonzylamine hydrochloride. N, N dimethyl-N’-methoxybenzyl-N’ (2-pyrimidyl) ethyl- 
nediamine monohydrochloride. 


stearasn opine placebo. Atropine sulfate, corn starch, gelatin, lactose, and magnesium 
Stearate, 


tPlacebo tablets. Terra alba powder, amijel powder, white oil, and octa acetate. 
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numbers recovering within 24, 48, or 120 hours following the beginning of treat- 
ment were not statistically significant for any onset-to-treatment interval. It 
should be noted that one patient from each treatment group in which treatment 
was started within six hours following onset of symptoms had become asymp- 
tomatic within twenty-four hours and remained free of symptoms for the next 








four days. 
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Fig. 1.—Cumulative per cent of weekly accession of Navy Wave recruits to antihistaminic study. _ 
(J 
In Table II is shown the relation of the symptom complex present at onset 
to recovery in the five-day period of observation. Although the numbers are _ 
small, there appears to be no superiority of either the atropine or antihistamine (I 
over the plain placebo in regard to eradicating symptoms. 
TABLE I, Patients REMAINING SYMPTOMATIC FoR 24, 48, AND 120 Hours Arrer TREATMENT 
= a NUMBER STILL SYMPTOMATIC AT END OF _ née 
mam "PRATER ‘ > 2 9 R ; 
HOURS FROM ON- |_TOTAL TREATED __| 24 HR. 48 HR. 120 HR. sh 
SET TO BEGINNING Rx Rx Rx  ——— 
OF TREATMENT lL i2i3 1 {2 3 1 33 {3 Rem > TA 
1-6 : 2 5 10 13 4 10 9 1 5 83 
7-12 9 13 9 9 12 9 9 12 8 4 6 4 
13-24 25 8 14 25 8 14 24 6 12 15 5 9 = 
25-48 10 +14 6 10 14 6 10 8 6 6 ff 4 
49-84 oo aa 6 7 6 1 > ae 
Total 56. 53-50 55. Ol 49 53.43 =i 27. 28 24 
Rx1, atropine sulfate; Rx2, placebo; Rx3, antihistamine. ean 
4 > . > : 4 (Pe 
Sixty-three per cent of those with colds had some degree of cough as ¢ : 
symptom. This occurred equally in the three treatment groups and had no ap- 3 
parent influence on the duration of symptoms. (Re 
Examination of the data was made for the relationship between the nasal m 
el 





findings and recovery from symptoms within seventy-two hours after the begin- 
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TABLE II. RELATION oF SYMPTOM COMPLEX AT ONSET TO RECOVERY 5 DAYS AFTER 
BEGINNING TREATMENT 








TREATMENT 
ATROPINE PLACEBO ANTIHISTAMINE 
SYMPTOM COMPLEX AT ONSET | TREATED | RECOVERED | TREATED | RECOVERED | TREATED | RECOVERED 
Rhinitis* only 5 5 3 4 ] 
Rhinitis and sneezing 5 10 6 8 5 
Rhinitis, sneezing, and sore 3 12 6 11 7 
throat 
Rhinitis, sneezing, sore throat, 4 
and headache 
Rhinitis, sneezing, and head- 
ache 
Rhinitis and sore throat 
Rhinitis, sore throat, and head- 
ache 
Rhinitis and headache 1 
Total 5 29 


*Hither symptom or objective evidence. 
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ning of treatment. As only eight patients were admitted in phase III among 
those with symptoms of twenty-four hours or less in duration, these have been 
omitted. The results are shown in Table ITI. 


TABLE IIT, NASAL FINDINGS AT EXAMINATION 72 Hours AFTER THE BEGINNING OF TREATMENT 
IN Navy Wave Recruits ADMITTED TO TREATMENT WITHIN 24 Hours AFTER THE 
ONSET OF SYMPTOMS 











PHASE PRESENT AT 72 HR. IN THOSE 
NUMBER 2 : 
PHASE AT OF BECOMING REMAINING 
ADMISSION TO PATIENTS ASYMPTOMATIC SYMPTOMATIC 
TREATMENT TREATMENT | TREATED }r | mlm {roran}; 0 | t | mw lim | Toran 
I Atropine 19 4 0 1] Kk 6 6 
(Pale, edematous Placebo 18 oo to 10 Ay 33. 120 
mucosa and se- Antihis- 21 os 0 13 Osan) oe 
rous discharge) tamine 
; Atropine 19 
(Red mucosa and Placebo 14 
serous dis- Antihis- 15 
_ charge) tamine 





























The same patients were also examined for the status of their symptoms and 
nasal findings at 120 hours after the beginning of treatment. The results are 
shown in Table IV. 


Taste IV. Nasan FInpIncs av EXAMINATION 120 Hours Arrer BEGINNING OF TREATMENT 
IN NAvy WavE Recruits ADMITTED TO TREATMENT WITHIN 24 Hours AFTER 
ONSET OF SYMPTOMS 


PHASE PRESENT AT 120 HR, IN THOSE 


NUMBER 
PHASE AT OF BECOMING REMAINING 
ADMISSION TO PATIENTS |___ ASYMPTOMATIC. SYMPTOMATIC 


__ TREATMENT TREATMENT | TREATED | 0 | 1 | u |i | Toran} 0 [1 | m | Ur | TOTAL 








I Atropine 19 1 oO 9O ] 1] 3 0 5 0 

(Pale, edematous Placebo 18 8 1] 1 0 10 0 1 (a. 
mucosa and se- Antihis- 21 > oO 4 1 14 0 © 6 

_tous discharge) tamine 


II Atropine 19 6 0 1 8 1 ] 

(Red mucosa ‘and Placebo 14 5 0 1 6 a J 

serous dis- Antishis- LS G OO 2 8 r Oo 
_charge) tamine 
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In Tables III and IV there is a good correlation between the persistence 
of symptoms and abnormal nasal findings. It can also be seen that treatment 
with the antihistamine did not prevent some patients from progressing to the 
stage of a purulent nasal discharge. In those classified as phase I at the begin- 
ning of treatment, significant differences exist (2.4 sigma) between the antihista- 
mine- and atropine-treated groups and the placebo-treated group in the numbers 
whose nasal mucosa was classified as normal at the end of seventy-two hours 
(twenty-four hours following end of treatment). These differences have disap- 
peared by the end of five days. 

Nasal smears were taken at the first visit and examined for eosinophiles. 
The results of these examinations in relation to the nasal findings at admission to 
treatment are shown in Table V. In ten of the cases, the nasal smears were un- 
satisfactory and were not included in the results. 

TABLE V. ReESuLTS or NASAL SMEAR EXAMINATIONS IN NAvy WaAvE RECRUITS IN RELATION 


TO THE NASAL FINDINGS Upon ADMISSION TO TREATMENT 
































aoe >a an FIRST VISIT 
PER CENT EOSINO-|—— — — HASE AT ¥ IRST VISIT —_ Se ee ee 
PHILESINNASAL| Is ae ae iI TOTAL 
SMEAR NUMBER | PER CENT NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT 
Zero 26 39 ~«|~=«386 49 | 3 38 65 44 
1 or less 25 37 25 34 4 50 54 36 
2 to 5 8 12 10 13 : | 12 19 13 
More than 5 8 i2 3 4 0 0 a i 
Total — | 67 100 =| 74 100 8 100 | «149 100 





Arminio and Sweet* reported that 43 per cent of their ninety-six patients 
classified in phase I had an eosinophile count of 2 to 5 per cent, 7 per cent of 
their 160 patients in phase II had an eosinophile count of 1 to 4 per cent, and 
none of their fifty-five patients in phase III had eosinophiles present in the nasal 
smear. In the present study, the finding was that 12 per cent in phase II had a 
count of 1 to 4 per cent, and that five of the eight patients in phase IIT had 
eosinophiles present in the nasal smears. In Table V the occurrence of eight of 
the eleven instances in which eosinophile counts of more than 5 per cent were 
recorded in relationship to a pale, edematous nasal mucosa should be noted. 
These cases were evenly divided among the treatment groups and gave no history 
of allergy. 

Two patients had a positive history of food allergy and one of allergy to 
animal fur. These three had no eosinophiles in their smears. One patient with 
a history of reaction to sulfonamides had a count of 3 to 5 per cent, and in one 
patient sensitive to penicillin, rare eosinophiles were seen in the nasal smear. 
The remainder of the 159 patients denied allergy. Twenty patients gave a his- 
tory of four or more colds per year which might suggest perennial rhinitis, these 
were evenly divided between the treatment groups. 

No relation could be found between unusual susceptibility to colds, eosino- 
phile counts, or allergic history and the phenomenon of return of the nasal 
mucosa to normal within seventy-two hours under treatment with atrophine or 
antihistamine. 

No severe side effects of treatment occurred and it was not necessary to dis- 
continue treatment in any patient. Drowsiness occurred in one receiving the 
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antihistamine. Twenty per cent of those receiving the atrophine sulfate com- 
plained of mild degrees of dryness of the mouth, headache, or both. These same, 
complaints were made by 9 per cent of those in the placebo group and 14 per 
cent of those in the antihistamine group. 


DISCUSSION 


The results presented show that neither the antihistaminie drug nor the 
atropine sulfate effected any appreciable alteration in the duration of symp- 
toms of the respiratory diseases treated. Thirty-nine per cent of the patients 
were treated within the first six hours following onset of symptoms and 68 
per cent within twelve hours. Recovery within twenty-four hours of begin- 
ning treatment was observed only in those who began treatment within twelve 
hours after the onset of symptoms. Inasmuch as two of the four patients 
recovering received placebos, the evidence does not agree with the findings of 
Brewster’ that treatment brought about recovery. Such cases probably rep- 
resent those patients who had mild transient symptoms and who applied for 
treatment only because of the publicity urging them to report as soon after 
onset of symptoms as possible. Abortive symptoms have been reported in 
experimentally transmitted common eolds' and are probably not unusual in 
the population. 

An interesting observation was made on those Wave recruits admitted to 
study whose nasal mucosa was classified as being in phase I and who had be- 
come asymptomatic: a significantly greater number had returned to normal 
within twenty-four hours after the completion of treatment from the antihis- 
tamine- and atropine-treated groups than had from the placebo group. This 
observation may explain the results of Arminio and Sweet‘ where the return 
of the nasal mucosa to normal was a eriterion for cure. The fact that this 
phenomenon was seen in the atropine-treated group in as high a proportion as 
occurred in the antihistamine-treated group suggests that the ability of the 
antihistamine to effect this change is not based upon its antihistaminie action 
but upon its atropine-like effects. Furthermore, the difference which occurred 
was not accompanied by any increase in the number who became and remained 
asymptomatic. By the fifth day when a majority of patients were recovered 
the difference had disappeared. No particular criteria for cure were used but 
all patients were observed for the full three-day period following the end of 
treatment and the observed differences in their course were employed as an 
index of the action of the drugs. 

Permanent disappearance of symptoms afforded a reliable index and the 
appearance of the nasal mucosa did not directly relate to absence of symptoms. 
For this reason the requirement that symptoms disappear and the nasal 
mucosa return to normal is likely to prove misleading when a drug is being 
used which has vasoconstricting and secretion-inhibiting action. 

No correlation existed between the eosinophile counts in nasal smears and 
allergy or to response to therapy. Although a majority of eosinophile counts 
of over 5 per cent occurred in patients with nasal findings classified as phase I, 
these cases were equally divided between the treatment groups and did not 
differ in their courses. 
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The criteria for acceptance of patients for treatment required that only 
minor acute respiratory infections with a fever of less than 100° F. and with 
the major symptomatology relating to the nose be present. This should include 
a majority of patients with the common cold according to the clinical criteria 
generally accepted by us in other studies* * and by others.’* However, be- 
cause of the influenza epidemic which occurred in another population on this 
station® in late February and March, 1950, during which some cases would 
have met these criteria, we were concerned with the extent of influenza in the 
Wave population. Fortunately, in connection with other studies,’* serologic 
surveys had been made in the Wave recruits. At these surveys a blood speci- 
men was collected from each Wave upon arrival and again a week or so before 
the completion of training. These were compared for increases in hemag- 
glutination-inhibition titers against influenza viruses by the Hirst technique.” 
In the one company whose training extended from mid-February to late April, 
a 27 per cent attack rate was found as measured by a fourfold increase in titer 
against the FM1 strain of influenza virus. Thirty patients from this company 
has been treated and are included in the results. Six had fourfold rises and 
twenty-four did not. Two of the other three companies were also surveyed and 
fourfold rises in titer against I°'M1 virus were found in 7 per cent of the sera. 
Only two patients with fourfold rises from these companies had been included 
in the treatment groups, hence a maximum of eight to ten cases of influenza 
were included in the 159 patients studied. These fell equally between the anti- 
histamine and the two control groups and would not appear to jeopardize the 
results. An A prime influenza virus was recovered from two Wave recruits 
admitted in March. 

There was no epidemic of influenza recognized clinically in this population. 
The majority of patients in whom serologic evidence of the disease was ob- 
tained had not visited the dispensary and reported their illness, if clinical 
symptoms did occur, despite the fact that they had to maintain a full duty 
status unless excused by the medical officer. This observation points out the 
pitfall which faces anyone who attempts to make a clinical separation of in- 
fluenza from the common cold. One study has been reported'* in which no 
reference is made to the fact that epidemic influenza was nation wide between 
January and March, 1950.1° Unless studies recognize the problem introduced 
by influenza or are conducted at times outside of epidemic periods, they may be 
subjected to criticism. 

The two studies'® 17 which have been published reporting results similar 
to ours have either recognized influenza or were conducted at a time when it 
was not a nationwide disease. 


SUMMARY 


Navy Wave recruits suffering from an acute respiratory disease clinically 
classifiable as the common cold were admitted in rotation to groups receiving 
treatment with atropine sulfate, a placebo, and an antibhistamine drug. <A few 
cases of influenza were included in the groups. No evidence was derived that 
either atropine or the antihistamine aborted colds or effected any important 
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variations in their duration or symptomatology. The observation was made 
that the antihistaminie drug had an atropine-like effect on the nasal mucosa. 
The use of the appearance of the nasal mucosa as a criterion for “cure” in the 
evaluation of these drugs against colds may prove misleading. 
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THE PROPHYLAXIS AND TREATMENT OF ACUTE RESPIRATORY 
DISEASES WITH ANTIHISTAMINIC DRUGS 


IV. THe PROPHYLAXIS AND TREATMENT OF “COLDS” IN VOLUNTEERS 


THE PERSONNEL OF UNITED STATES NAVAL MepicaL RESEARCH UNIT No. 4* 


N CONNECTION with other studies done in male and Wave recruits on the 
use of antihistaminic drugs in the prevention and treatment of acute respira- 
tory disease,’ * * it was desired to include a study in a population which has 
extensive contacts in the surrounding communities and in which the “colds” 
would be representative of those prevalent in civil populations. Officers, sen- 
ior petty officers, and their dependents volunteered for the study. This popu- 
lation is essentially similar to that used by Brewster‘ while at this station. 

The results of prophylactic treatment in this population cannot be criti- 
cally analyzed because of the few who reported taking the preparations for 
an adequate length of time. The results of therapeutic usage indicate a high 
degree of psychologic benefit derived from the placebos. The antihistamines 
showed no superiority when compared with the results obtained with placebos. 
No actual effect of the antihistaminie drugs on the duration of symptoms was 
observed. Again, these results of therapeutic usage cannot be regarded very 
critically because of the small percentage reporting. No effort was made to 
compare one antihistamine with another. 


MATERIALS AND METHODS 


Description of Population.—This study was conducted from January 3 to April 16, 
1950, and included officers of all ranks, senior petty officers, and their families who resided 
on this station or in surrounding communities. Volunteers given treatment ranged in age from 
13 to 74 years. These individuals mingled freely among themselves, with civil employees on 
the station, and with the populations of near-by cities. Many had young children who attended 


day schools in adjacent cities. 
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Preparations Used.—The following antihistaminic drugs were used in the study. 


MILLIGRAMS OF 


PROPRIETARY ANTIHISTAMINE 
NAME CHEMICAL FORMULA PER TABLET 

Anahist N, N dimethy]-N’p-mcthoxybenzyl-N’(2-pryimidyl) ethyl- 25 mg. 
enediamine monohydrochloride 

Trimeton Phenyl-(2-pyridyl) (B-N,N-dimethylaminoethy]) -methane 10 mg. 

Chlor-Trimeton 1-parachlorophenyl-1-(2-pyridy1)-3-dimethyl-aminopro- 4 mg. 
pane 

Decapryn succinate 2-|a-(2-dimethylaminoethoxy )-a-methylbenzyl] pyridine 6 mg. 
succinate 

Decapryn succinate 2-[a-(2-dimethylaminoethoxy) -a-methylbenzyl] pyridine 6 mg. 

with APC succinate with aspirin, phenacetin, and caffeine 
Pyrrolazote B-pyrrolidineethyl-phenothiazine 25 mg. 


The control medications consisted of the following: 


(1) Atropine sulfate in 1/250 gr. tablets resembling the Trimeton and Anahist tablets. 

(2) Aspirin-phenacetin-caffeine (APC) in an amount equivalent to that used in 
Decapryn succinate with APC and in a similar tablet. 

(3) Placebos.* 


Plan of Study.—Announcement was made in the station newspaper that antihista- 
minic drugs would be available and an application form was provided for those who desired 
them. Applicants had a choice between prophylactic or therapeutic options. 

The six proprietary antihistamine preparations and their placebos were assigned a 
series of code numbers. The drug envelopes were prepared, labeled with the code number, 
and then placed in a box and thoroughly mixed. An envelope for the appropriate option 
was drawn from the box and assigned to an applicant. The preparations were distributed 
by the Navy nurses attached to the Medical Department of the Naval Training Center. 
None of those who assigned the preparation, or who saw and conversed with the patients, 
knew the identity of the preparation dispensed. Upon the return of a questionnaire the 
individual was issued the same code numbered preparation if satisfied or the one bearing 
the next higher code number, if not. 

To avoid jeopardizing the results of other studies, should the favorable results re- 
ported by others be obtained with the antihistaminic drugs and not with the placebos, only 
the antihistaminic drugs were issued to the staff of the Reeruit Training Command. This 
accounts for the difference in numbers between antihistamine- and placebo-treated subjects. 

Those electing the therapeutic option were provided twelve tablets with printed in- 
structions to take one tablet immediately after the onset of symptoms of a cold and one 
tablet after each meal and at bedtime until the supply was exhausted. A questionnaire 
designed to obtain information about the date of onset of the cold, the elapsed time be- 
tween onset and beginning of treatment, the duration of symptoms, the opinion of the 
applicant as to the relative efficacy of the preparation in comparison with his usual treat- 
ment of a cold, and the occurrence of side effects was given to each applicant. Return of 
the questionnaire by the applicant was necessary to obtain a new supply of the drug. 

Those electing the prophylactic option were supplied twenty-eight tablets with in- 
structions to take two each morning and each evening. Each applicant was provided a 
questionnaire similar to that used with the therapeutic option, including a schedule for re- 
cording doses taken. Only those returning a completed questionnaire received a new supply 
of tablets. 

Only questionnaires containing complete information were considered adequate. If 
a cold with a duration of two days or more was recorded, only questionnaires stating that 
eight or more doses of the preparation had been taken were counted. 


_ *Anahist placebo—terra alba powder, amijel powder, white oil, and sucrose octa_acetate. 
Trimeton placebo—corn starch, gelatin, lactose, and magnesium stearate. Chlor-Trimeton 
placebo—corn starch, gelatin, lactose, magnesium stearate, dehydrocholic acid, and F. D. & 
C. yellow, No. 5. Decapryn succinate placebo—lactose, sucrose, corn starch, and dye, similar 
to that used in Decapryn tablets. Decapryn succinate with APC  placebo—lactose, sucrose, 
corn starch, and dye plus aspirin-phenacetin-caffeine. 
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RESULTS 


One hundred and sixty-five individuals elected the prophylactic option. 
Eighty-one or 49 per cent of these reported results. Fifty-five per cent of 
those not reporting had been issued one of the antihistaminic drugs. 

Sixty-two individuals issued antihistamines reported a total of 190 weeks 
of prophylactic usage. Thirty-six reported one week, four, two weeks, five, 
three weeks, seven, four weeks, and ten, five or more consecutive weeks of 
treatment. During seventy-three (38 per cent) of these weeks colds were 
reported as against 117 (62 per cent) cold-free weeks. 

Nineteen individuals issued placebos reported a total of sixty-two weeks 
of treatment. Six reported one week, three, two weeks, one, three weeks, four, 
four weeks, and five, five or more weeks of treatment. Colds were reported 
for twenty-three (37 per cent) of these weeks as against thirty-nine (63 per 
cent) cold-free weeks. Two thirds of those reporting only one or two weeks of 
treatment had colds. In both antihistamine and placebo groups reporting more 
than two weeks of treatment, colds were experienced during a third of the 
weeks and a few individuals contributed a disproportionate number of colds. 

In those receiving antihistamines prophylactically, fifty-seven (78 per 
cent) of the colds were reported as “mild” and only a third of these subjects 
had recovered within four days or less. Nineteen (83 per cent) of the colds in 
the placebo group were reported as “mild” and 60 per cent of these subjects 
had recovered in four days or less. The majority of “severe” colds in both 
groups lasted over five days. When the reports were grouped by families it 
was found that in a few, where one member was receiving an antihistamine 
and another a placebo, colds occurred simultaneously and were of about equal 
severity and duration. It was also found that a few individuals had changed 
from an antihistamine to a placebo or vice versa and reported colds of about 
equal severity and duration with both. 

A total of 370 requested the therapeutic option. Ninety-four (25 per cent) 
reported results and the percentage reporting was equal for the antihistamines 
and placebos. Sixty-three reported one cold, twenty, two colds, nine, three 
colds, and two, four colds. This was about equal for the two treatment groups. 
The results in relation to the duration of symptoms at the beginning of treat- 
ment are shown in Table I. 


, 


TABLE I, DISTRIBUTION OF DURATION OF ‘‘COLDS’’ IN ANTIHISTAMINE- AND PLACEBO-TREATED 
Susyects AccoRDING TO ELAPSED TIME BETWEEN ONSET AND BEGINNING OF TREATMENT 























HOURS FROM 
ONSET TO NUMBER ANTIHISTAMINE TREATED NUMBER PLACEBO TREATED 
BEGINNING OF DURATION (DAYS) DURATION (DAYS) es 
TREATMENT 1 Site ia 5+ TOTAL l 2 3 4 5+ TOTAL 
0-3 3 7 2 2 6 20 ] 2 2 0 2 7 
4-6 7 5 3 3 8 26 2 2 5 2 ‘f 18 
7-12 ] 4 3 3 9 20 2 2 3 2 2 11 
13-24 ’. 2 4-3 2 12 — = ae 9 
95-48 0 0 ] 3 3 7 0 0 0 0 0 () 
48+ 0 1 0 ] 6 8 0 0 0 0 0 o 
Total 11 19 11 16 36 93 5 11 13 4 «12 45 
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Seventeen per cent of the antihistamine group and 14 per cent of the 
placebo group recovered within twenty-four hours, all the recoveries from both 
groups occurring in those with symptoms of less than twelve hours’ duration 
at the beginning of treatment. Fifty-three per cent of the antihistamine 
treated and 73 per cent of the placebo treated recovered within four days 
where the symptoms were of twenty-four hours’ or less duration at the time 
of beginning treatment. 

Because of the influenza epidemic which occurred elsewhere on the sta- 
tion’ * in late February and March, the dates of onset of the reported colds 
were examined. The results are shown in Table IT. 























TABLE II. Date or ONSET OF REPORTED COLDS IN NAvyY VOLUNTEERS 
ANTIHISTAMINES PLACEBOS 
CUMULATIVE CUMULATIVE 
PERIODS NUMBER PER CENT NUMBER PER CENT 
Jan. 3-15 23 oe 9 20 
16-29 17 43 11 45 
Feb. 30-12 17 6] 6 58 
13-26 14 76 6 71 
Mar. 27-12 8 85 2 76 
13-26 4 89 5 87 
Apr. 27-9 9 99 6 100 
9-16 1 100 oO” aa 
Total 93 100 45 —__ 100 





In the questionnaire each volunteer was requested to report his opinion 
as to whether the treatment was better than his usual method of treating a 
cold. The results are shown in Table ITI. 


TABLE IIT. OPINION OF NAVY VOLUNTEERS AS TO EFFICACY OF ANTIHISTAMINE OR PLACEBO 
_ 


THERAPY AS COMPARED Witrit USuAL TREATMENT OF A ‘‘CoLpD’?’ 





ANTIHISTAMINES PLACEBOS 



































HOURS FROM - 
ONSET TO BETTER NO BETTER | NOOPINION | BETTER | NO BETTER | NO OPINION 
BEGINNING OF | NUM-| PER |NUM-| PER |NUM-| PER |NUM-| PER |NUM | PER |NUM-| PER 
TREATMENT BER | CENT | BER | CENT | BER | CENT | BER | CENT | BER | CENT | BER | CENT 
0-3 16 80 q 20 4 57 3 43 
4-6 21 81 4 15 ] 4 15 65 7 30 1 5 
7-12 16 80 2 10 2 10 is 64 3 27 1 9 
13-24 10 83 2 Ly 9 100 
25-48 6 86 J 14 
48+ 3 37 5 63 ee 
Total 72 77 18 19 3 4 35 78 8 18 2 4 


























Seventy-eight per cent of the placebo-treated subjects reported that they 
thought the results of treatment were better than would have been expeced 
from their usual method of treating a cold. Eighty-one per cent of those tak- 
ing an antihistamine within twenty-four hours of onset of symptoms reported 
the opinion of better results. 

Twenty-two per cent of all patients reported side effects. Included in 
the summarization of side effects reported in Table IV are some patients who 
stopped treatment after one or two doses because of side effects. 
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TABLE LV. Sipe Errects 1N Navy VOLUNTEERS DurING USE or ANTIHISTAMINES AND 
PLACEBOS IN TREATMENT OF ‘‘ COLDS’? 


| PLACEBO 





























PLUS | 
SYMPTOMS | ANTIHISTAMINES | ATROPINE | PLUS APC | PLAIN 
Dryness 4 | l 1 2 
Drowsiness 7 | 2 
Headache 3 | 2 2 
Nervousness 4 2 
Nausea s ] 3 
Other 5 eR Bete Nie ] =" = 
Total side effects 26 | 2 4) 6 
Number of patients reporting | 19 | 2 *f 5 
side effects | 
Number of patients treated | 95 9 19 27 





DISCUSSION 


Nothing is known of the nature of the respiratory diseases reported by 
these patients beyond the fact that they were considered to be “colds” by those 
who took the preparations. Although epidemic influenza was not manifest in 
this population, the extent of this disease elsewhere on the station’ * and the 
generally high national level would suggest that there were some eases. 

This population is essentially similar to that used by Brewster* in his 
studies at the United States Naval Hospital, on this station, except that civil 
employees and enlisted men of junior ratings were excluded. In his study, 
“eold clinics” were set up where the patients were seen and examined by the 
observers. Those with self-diagnosed colds were accepted for treatment if 
nothing was found clinically to disprove that diagnosis. An effort was made 
to give the five antihistamines and the placebo to patients in rotation without 
selection. 

In reviewing his report, it was impossible to determine what degree of 
selection had been exercised in accepting patients for treatment or the number 
excluded from his results. Patients accepted for study within twelve hours of 
the onset of symptoms numbered 256. Of this group, forty-two should have 
been assigned to the control group; however, only twenty-two were. An ex- 
planation for this disparity is not given. Furthermore, it is not apparent to 
what extent the enthusiasm and convictions of the observers were transmitted 
to those given the placebo. It was not stated whether those receiving placebos 
received a warning regarding untoward effects similar to that issued to those 
receiving antihistamines or whether any other attempt was made to conceal 
the nature of the placebo. Finally, Benzedrine or Dexedrine, drugs whose 
rasoconstrictor actions and psychic effects could influence the symptomatology 
of rhinitis, were frequently given with the antihistamines and not with the 
placebos. There was no separate analysis of the data for those who received 
these drugs. 


Analyzing the results from the graphic data presented in Brewster’s re- 
port, approximately 495 patients were treated with antihistamines and 72 with 
the placebo. Of the 156 treated with antihistamine within the first six hours 
of symptoms, 74 per cent were cured, 26 per cent were improved, and none 
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were recorded as failures. Criteria were given for “cure” but none for what 
constituted improvement or failure of treatment. Only 12 with symptoms of 
less than six hours’ duration were treated with the placebo; 42 per cent were 
cured, 50 per cent were improved, and one failed. Thus, of patients treated 
by Brewster within the first six hours of symptoms, 100 per cent of those re- 
ceiving the antihistamines and 92 per cent of those receiving the placebo were 
benefited by therapy. An analysis of his results within the antihistamine- 
treated groups shows no significant difference statistically between the num- 
ber of cures in those treated within the first hour and those treated in the fifth 
hour. In those patients treated by Brewster within the first to the sixth hours 
of symptoms, statistically significant differences exist when the first hour is 
compared with the third, fourth, or sixth hours. The differences in the second 
to the sixth hours are not significant. Accumulating all patients treated within 
the first six hours of symptoms there is a significant difference between the 
antihistamine and the control groups. 


In a comparison of the treated and untreated groups, a statistical treat- 
ment of Brewster’s data for the first and second hours is not possible because 
he does not have a control for this phase of the study. For the first hour, he 
reported two patients in the control series: one cured and one improved. He 
did not report any untreated patients for the second hour. 

The data presented by Brewster concerning patients treated within twelve 
hours of onset of symptoms tend to create the impression that antihistamine 
therapy is beneficial. However, the extent that psychological or other factors 
may have influenced these results cannot be ascertained. 

In our over-all results, 78 per cent of the placebo-treated and 77 per cent 
of the antihistamine-treated subjects reported beneficial results. The highly 
satisfactory results reported by those taking placebo probably can be ex- 
plained on a psychological basis. At the beginning of the study the nation- 
wide publicity campaign was at its peak. We deliberately furthered this pub- 
licity through the station newspaper in our announcements that the drugs 
would be dispensed to those who desired them. Thus, a majority of those who 
took the placebos believed that they were being given antihistaminie drugs and 
that those drugs were highly beneficial in the alleviation of the symptoms of 
“colds” in general. 

Many patients submitted comments along with their questionnaires re- 
porting in most favorable terms the beneficial effects of treatment regardless 
of whether they had been issued antihistaminie drugs or placebos. 


SUMMARY 


Several antihistaminic drugs were issued to volunteers among families of 
officers and senior petty officers in both prophylactic and therapeutic dosage 
schedules and compared with the use of placebos. Too few reported adequate 
usage of the drugs in the prophylactic schedule to allow any critical evalua- 
tion of results. Those reporting the therapeutic usage had equally beneficial 
results from placebos and antihistaminie drugs, presumably because of psy- 
chological effects. 
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METABOLISM OF TYROSINE IN EXPERIMENTAL MEGALOBLASTIC 
ANEMIA AND IN SCURVY IN THE MONKEY 


Rosert J. SALMON, M.Sc., ANp CHARLES D. May, M.D. 
MINNEAPOLIS, MINN. 


TECHNIQUE has recently been developed for the production of megalo- 
blastic anemia in monkeys, by which a disturbance of pteroylglutamic acid 
metabolism results from a chronic lack of ascorbic acid.1? In view of the re- 
ported increased excretion of p-hydroxyphenyl compounds and keto acids by 
patients with pernicious anemia in relapse* it seemed appropriate to study the 
excretion of these compounds in this experimental megaloblastic anemia in the 
monkey. The exeretion of phenolic compounds and keto acids has been ex- 
tensively investigated in scorbutic guinea pigs* *® 7 and human beings* ® '° 
but no report pertaining to monkeys has appeared. Inasmuch as the monkeys in 
these experiments were on a vitamin C deficient diet, it was also possible to 
study the excretion of these same compounds before and after the development 
of seurvy. The effect of the administration of ascorbie acid, vitamin B,,, and 
pteroylglutamic acid (PGA) used in treating the anemia was determined. 
Finally, an experiment was conducted to test the separate effects of ascorbic 
acid and pteroylglutamie acid on induced tyrosyluria in the scorbutic monkey. 


METHODS 


Experimental.—Monkeys (rhesus and cynamologus) were fed on various milk diets* 
as described in the previous papers,!, 2 which may be consulted for information concerning 
the symptoms and course of the monkeys. The usual protein intake was at least 3 Gm. per 
kilogram body weight. The urine was collected in bottles containing a little 14N sulfuric 
acid (2 ml. for each 100 ml. of urine expected). The twenty-four hour specimens were 
measured, filtered, and analyzed for p-hydroxyphenyl derivatives by Millon’s test as modified 
by Folin and Ciocalteu and adapted by Medes.11 The method of Friedemann and Haugen! 
was used for the determination of keto acids. The results are expressed as milligrams of 
tyrosine and pyruvic acid respectively. 


RESULTS 
Table I shows that there was a considerable variation in the excretion of 
these compounds by the different control animals on the experimental diets 
supplemented with ascorbie acid. When calculated on the basis of body weight 
the differences are somewhat decreased, but the range of excretion of phenolic 
compounds was still wide, 5 to 21.4 mg. per kilogram per twenty-four hours, 
averaging 13.5 milligrams. The excretion of keto acids was more constant, 1.4 to 


From the Department of Pediatrics, University of Minnesota Medical School. 
Supported by a grant from Wyeth Incorporated, Philadelphia, Pa. 
Received for publication, June 19, 1950. 

*A convenient diet may be made by adding 4 ml. Cartose to 40 ml. evaporated cows’ 
milk and bringing the final volume to 100 ml. with water and boiling for five minutes before 
feeding. Three milliliters of a solution containing the following vitamins per milliliter (thia- 
mine .05 mg., riboflavin .06 mg. nicotinic acid 0.4 mg.) and 4 ml. ferrous gluconate should be 
added daily. Fifty milligrams of ascorbic acid per day were given to the control animals. 
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4.8 mg. per kilogram per twenty-four hours, averaging 2.4 milligrams. We 
observed that the lower values were in infant Monkeys 4, 11, and 17. Table II 
gives the excretion of phenolic compounds and keto acids after the animals had 
been on the experimental diets without ascorbic acid but before clinical signs 
of scurvy developed. The averages are essentially the same as those of the 
control animals, being 11.8 mg. of phenolic compounds and 3.5 mg. of keto acids 
per kilogram per twenty-four hours. Table III reveals that the excretion of 
these compounds by the same animals was not significantly increased when clinical 
signs of scurvy appeared and before megaloblastic anemia developed. Nor was 
there any change when megaloblastic anemia became manifest. It is also evident 
there was no striking alteration in the excretion of p-hydroxyphenyl compounds 
or keto acids as a result of the administration of ascorbic acid, vitamin B,,, 
or pteroylglutamie acid. 

Tyrosine Loading Tests.—As there was no spontaneous inerease in the 
excretion of p-hydroxyphenyl compounds in scurvy and megaloblastie anemia in 
these monkeys, the effect of adding a load of I-tyrosine as has been done in guinea 
pigs*? and in human beings*® ® 1° was tried. A pair of animals of approximately 
equal weight had been fed the same diet. One was scorbutic, while the other 
had received 50 mg. of ascorbic acid daily. A loading dose of 2 Gm. of l-tyrosine 
per kilogram was added to their diet each day for five days. The urine was 
collected in twenty-four hour specimens for eight days and analyzed each day. 
Table IV shows the considerable difference between the two animals. The 
scorbutie animal excreted p-hydroxyphenyl compounds equivalent to 81.6 per 
cent of the loading dose during the eight-day period, while the control animal 
only exereted 19.6 per cent. The excretion of keto acids also was greater in the 
scorbutiec animal. To make sure that what was being measured was not un- 
changed tyrosine, samples of the urine were hydrolyzed by adding H,SO, to 
6N and then refluxing for half an hour. After cooling, they were extracted 
five times with ether. The combined ether extracts and also the aqueous layer 
were analyzed for p-hydroxyphenyl compounds, 90 per cent of which were found 
in the ether extracts and not more than 10 per cent in the aqueous layer, where 
tyrosine would be expected. 

In the foregoing experiment the tyrosine was suspended in the milk diet 
and hence the intake varied with the appetite. It therefore seemed important to 
determine the effect of a more constant and sustained intake. Two animals 
which had been fed the same experimental diet, and had received 50 mg. of 
ascorbic acid per day up to the start of the experiment, were given a load of 
l-tyrosine of 2 Gm. per kilogram body weight per day. This was given suspended 
in 100 ml. of the milk diet and given by gavage each morning and afternoon. 
The ascorbic acid was discontinued in one animal but continued being given 
to the other by gavage along with the tyrosine. Twenty-four hour urine speci- 
mens were collected at intervals and analyzed promptly. Table V reveals that 
while the normal animal excreted a small amount of the daily load of tyrosine 
in the form of hydroxyphenyl compounds, the animal deprived of ascorbic acid 
excreted very large proportions of the loading dose. After forty-eight days of 




































































TABLE I, EXCRETION OF P-HYDROXYPHENYL COMPOUNDS AND Keto AciIpsS By MONKEYS ON 
EXPERIMENTAL DIETS SUPPLEMENTED WITH ASCORBIC ACID 
: NUMBER | P-HYDROXYPHENYL COMPOUNDS | KETO ACIDS 
OF RANGE MG./KG. RANGE MG./KG. 
ANALY- | MG./24 MG./24 24 HR. | mG./24 MG./24 24 HR. 
MONKEY DATE SES HR. AV. HR. AV. HR. AV. HR. AV. 
4 9/2/48- 
7/20/49 12 10.3 6.4-21.3 10.1 1.5 0.6- 2.3 1.6 
f 4/4/49- 
1/19/50 12 37.6 27.5-41.0 15.1 7.4 2.2-18.2 3.0 
10 4/4- 
8/18/49 9 25.0 12.0-39.0 10.2 7.19 3.2-13.7 2.9 
~~ 19 9/29- aati 
9/30/49 1 34.5 10.3 4.79 1.4 
20 9/28- rica iain 
9/29/49 1 42.8 17.5 9.0 2.0 
21 9/28- 
9/29/49 iT 41.1 18.3 3.78 7a" 17 
11 10/18- 
10/19/49 ] 15.4 21.4 3.48 ~ 4.85 
17 6/2- 
8/18/49 7 3.0 1.3- 4.6 5.0 Le 0.5-1.7 2:0 
Average 26.2 13.5 4.3 2.4 
TABLE II. EXCRETION oF P-HYDROXYPHENYL COMPOUNDS AND KETO ACIDS BY MONKEYS 


WHILE ON AN ASCORBIC ACID DEFICIENT DIET BEFORE CLINICAL ScuRVY DEVELOPED 








P-HYDROX YPHENYL COMPOUNDS | 


KETO ACIDS 










































































NUMBER Led seine 
OF RANGE MG./KG. RANGE MG./KG. 
ANALY- | MG./24 MG./24 24 HR. | MG./24 MG./2¢ 24 HR. 
ANIMAL DATE SES HR. AV. HR. AV. HR. AV. HR. AV. 
dl 9/2/48- 
9/10 2 5.2 4.0- 6.5 _ 9.9 32 2.0- 4.4 6.5 
i 10/23- 
12/7 13 5.4 3.3- 6.8 10.0 1.6 L.1- 2.6 __ 2.9 
2 9/2- 
11/9 12 4.1 2.9- 5.2 _ 114 PY ___0.5- 2.9 4.8— a 
5 4/4/49- 
12/26/49 14 34.4 22.3-46.0 11.6 5.1 : 2.6-12.9 a 18 
6 4/4- 
5/10 3 24.7 19.5-31.0 3 2.2 _ 7 1.9- 2.3 - 1.0 = 
8 4/4- 
5/10 5 14.2 12.4-15.7 7.3 2.2, 7 1.4- 3.0 1.1 _ 
9 4/4- e 
6/13 6 23.6 13.7-31.3 10.3 4.0 2.2 3.2 aes 
10 10/18- 
10/19 1 35.4 13.7 | 9.2 — ee a 3.6 - : 
12 5/9- 
ce 7/21 6 16.9 12.4-19.3 10.5 - 9.3 1.4-21.8 5.6 
12 12/28- 
12/29 1 18.4 Py 9.9 7 8.9 4.7 
13 5/9- 
6/6 2 O34 23.3-2a.6 12.5 5 3.3- 7.0 2:7 
14 5/9- 
6/6 2 24.0 19.4-28.6 11.9 16 §=6£14- 19 0.8 
15 5/12- 
an 7/26 6 35.1 21.7-48.2 ; Hig _ 78 7 1.3-19.0 3.0 
11 6/2- 
7/7 3 3.3 3.0- 3.7 6.1 3.2 1.3- 6.4 5.9 
17 10/18- 
10/19 al 20.6 23.4 5.4 - - 6.1 
Average 19.2 11.8 4.7 3.5 
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TABLE IV. 


TYROSINE LOADING TEST IN A NORMAL AND A SCORBUTIC MONKEY 











P-HYDROXYPHENYL 
1-TYROSINE COMPOUNDS KETO ACID 
INGESTED EXCRETED EXCRETED 

DATE (GM.) (GM./24 HR.) (GM./24 HR.) 
Monkey 10 9/2/49 4.8 0.04 0.01 
(Control) 9/3 4.1 0.14 0.017 
Wt. 2.69 kg. 9/4 2.8 0.49 0.013 
9/5 3.0 0.59 0.059 
9/6 5.4 1.07 0.178 
9/7 0.0 1.46 0.192 
9/8 0.0 0.14 0.011 
9/9 0.0 0.04 0.005 
Monkey 9 9/2/49 3.9 1.57 0.136 
(Scorbutic) 9/3 2.7 1.58 0.280 
Wt. 2.03 kg. 9/4 2.1 1.80 0.287 
9/5 LD 1.55 0.282 
9/6 2.8 1.33 0.248 
9/7 0.0 2.35 0.363 
9/8 0.0 0.72 0.069 
9/9 0.0 0.03 0.0038 

















TABLE V. LONG-TERM TYROSINE LOADING TEST ON NORMAL AND ASCORBIC ACID 
DEFICIENT MONKEYS 




















P-HYDROXYPHENYL 
COMPOUNDS KETO ACID 
NUMBER OF EXCRETED EXCRETED 
DATE DAYS LOADED (GM./24 HR. ) (GM./24 HR.) 

Monkey 20 9/28/49 ul 0.043 0.005 
(Control) 10/17 19 0.227 0.006 
Wt. 2.44 kg. 10/23 25 0.598 0.003 
Daily load of 10/27 29 0.622 0.013 
tyrosine 5 Gm. 11/15 48 0.954 0.002 
11/18 51 0.632 0.002 

Monkey 21 9/28/49 1 0.041 0.004 
(Ascorbie acid 10/17 19 0.291 0.015 
deficient ) 10/20 22 0.958 0.009 
Wt. 2.24 kg. 10/23 25 1.251 0.002 
Daily load of 10/27 29 1.230 0.043 
tyrosine 11/9 42 4.760 0.289 
4.5 Gm. 11/10 43 3.470 0.274 
Hy 44 3.3592 0.309 

11/15 48 1.905 0.027 

11/18 51 0.697 0.001 








Seurvy ; 
Megaloblastic 
After therapy 





loading, the deficient animal became very sick and ultimately comatose. During 
this phase, the excretion of both phenolic and keto compounds decreased sharply, 
suggesting that all absorption from the intestine might have ceased. It may be 
noted that about a month of deprivation of ascorbic acid was required to bring 
out the fullest expression of the deficiency. 

Comparison of the Separate Effects of Ascorbic Acid and PGA.—If it be 
assumed that the experiments with scorbutic guinea pigs imply a metabolic 
interrelationship between ascorbic acid and PGA (pteroylglutamic acid), it 
obviously would be desirable to test the effect of each of these without the 
influence of the other. On this account, it was decided to determine the effect 
of PGA on the tyrosyluria induced in a scorbutic monkey, and to test the effect 
of ascorbie acid in a similar animal in which the action of PGA had been blocked 
by Aminopterin.* With these considerations in mind the following experiment 


*Supplied by Lederle Laboratories through the courtesy of Dr. S. M. Hardy. 
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was performed. The daily excretion of p-hydroxyphenyl and keto compounds 
in three monkeys which had been fed the same milk diet was determined. They 
were then loaded with I-tyrosine by gavaging them with a dose of 2 Gm. per 
kilogram per day, suspended in milk, administered each morning for three con- 
secutive days. The urine was collected in twenty-four hour specimens. The 
first animal was saturated with ascorbic acid, as it had received a daily supple- 
ment of 50 mg. ascorbic acid before the test began and 100 mg. intramuscularly 
on three single days before the first load was given. During the test period, 13.3 
per cent of the load was excreted as p-hydroxyphenyl compounds. 

The second animal at the beginning of the test was already scorbutic, but 
megaloblastic anemia was prevented because of having received 5 mg. of PGA 
orally per week. During the loading test it was given in addition 5 mg. of PGA 
by gavage each day with the tyrosine. Inspection of Table VI discloses that this 
animal showed an increased exeretion of p-hydroxyphenyl compounds on the 


TABLE VI. COMPARISON OF EFFECTS oF ASCORBIC ACID AND PGA ON EXCRETION OF 





























HYDROXYPHENYL COMPOUNDS AND KETO ACIDS ; 
PER CENT OF 
CUMULATIVE 
P-HYDROXY- | LOAD OF TY- 
PHENYL ROSINE EX- CUMULATIVE 
TYRO- | COMPOUNDS |CRETED AS P-| KETO ACID | EXCRETION 
SINE EXCRETED HYDROXY- EXCRETED OF KETO 
GIVEN (GM./24 PHENYL (GM./24 ACIDS (GM./ 
MONKEY DATE (GM. ) HR. ) COMPOUNDS HR, ) 24 HR.) 
7 Wt. 2.7 ke. 1/19/50 0.0 0.047 0.004 
Normal with 1/20 5.4 0.429 7.93 0.014 0.014 
ascorbic acid 1/21 5.4 0.944 12.7 0.009 0.023 
supplement 1/22 5.4 0.676 12.9 0.007 0.030 
1/24 0.0 0.034 13.3 0.003 0.033 
14 Wt. 1.81 kg. 12/28/49 0.0 0.033 0.012 
Scurvy 12/31 4.0 1.467 36.7 0.139 0.139 
Treated with 1/1/50 4.0 2.292 46.9 0.209 0.348 
PGA, 5 mg. 1/2 4.0 2.691 53.8 0.220 0.568 
daily p.o. 1/3 0.0 0.366 56.8 0.044 0.612 
1/4 0.0 0.184 58.5 0.001 0.613 
15 Wt. 1.80 kg. 1/8/50 0.0 0.036 0.008 
Seurvy and 1/13 4.0 0.485 12.1 0.008 0.008 
megaloblastic 1/14 4.0 0.535 12.7 0.012 0.020 
anemia 1/15 4.0 1.220 18.7 0.008 0.028 
Treated with 1/16 0.0 0.107 19.6 0.003 0.031 
Aminopterin 
and ascorbic 
acid 
24 Wt. 1.97 kg. 2/25/50 4.0 0.567 14.2 0.013 0.013 
Scurvy 2/26 4.0 Lily 21.0 0.144 0.157 
No treatment 2/27 4.0 2.073 31.4 0.295 0.452 
44 Wt. 1.4 kg. 4/8/50 2.8 1.350 48.2 0.108 0.108 
Seurvy and 4/9 2.8 2.136 62.2 0.261 0.369 
megaloblastic 4/10 2.8 2.250 68.2 0.220 0.589 
anemia 4/11 0.340 72.3 0.024 0.613 
Treated with 4/12 0.078 73.2 0.002 0.615 


PGA, 95 mg. 
daily, p.o. 
and IM. 
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same order of magnitude (58.5 per cent) as would an untreated scorbutic animal 
(see Table IV), although the administered PGA was adequate to prevent the 
development of megaloblastiec anemia. 


The third animal at the beginning of the test was scorbutie and had de- 
veloped megaloblastic anemia. It was given 0.2 mg. of Aminopterin and 200 
mg. of ascorbic acid intramuscularly in the morning of the first day of loading 
tests. On subsequent days it was given 100 mg. aseorbie acid and 0.2 mg. of 
Aminopterin in injection two hours before the gavage with tyrosine. This 
animal excreted 19.6 per cent of the test dose, which was very little more than 
that excreted by the normal animal saturated with ascorbie acid. 

It was suggested by Dr. R. Sealock, Dr. W. Darby, Dr. H. Gordon, and 
Dr. C. Woodruff that the failure of the second animal to show a reduction in 
tyrosyluria in response to PGA administration might be due to the dose being 
too small. To test this possibility, another monkey has been tested in similar 
manner (Monkey 24, Table VI) using a very much larger dose of PGA. During 
its scorbutice phase, it exereted 31.4 per cent of the administered tyrosine in three 
days. After becoming megaloblastic it was treated with 15 mg. PGA intra- 
muscularly for ten days, by which time the marrow was normal though the 
animal was still scorbutic. It was then given 45 mg. PGA intramuscularly and 
50 mg. orally per day during the tyrosine loading tests. It exereted 73.2 per 
cent of the loading dose of tyrosine during the test.* 


It appears that PGA in these amounts did not prevent the tyrosyluria in 
the scorbutic monkeys, while ascorbie acid was effective in doing so even when 
the action of PGA was obstructed by the simultaneous administration of 
Aminopterin. This failure of PGA to relieve the induced tyrosyluria in the 
monkey is in contrast to the experience with guinea pigs.’ Govan and Gordon" 
noted a variability in the effect of PGA on the tyrosyluria of premature infants. 
This may be the ease in monkeys also or there might be an actual species differ- 
ence between guinea pigs and monkeys. 


CONCLUSIONS 


Spontaneous excretion of p-hydroxyphenyl compounds and keto acids in 
scurvy and experimental megaloblastic anemia in the monkey does not differ 
significantly from the excretion of these compounds in the normal monkey. 
Increased excretion of these compounds can be induced in the scorbutie monkey 
by administration of a testing load of /-tyrosine. The increased excretion of 
p-hydroxyphenyl compounds and keto acids caused by loading a_ scorbutic 
monkey with l-tyrosine can be reduced to the level of excretion by a normal 


*This was more than double the percentage excreted in the purely scorbutic test period. 
While this might have been due to the more serious physical condition of the animal at the 
time of the second test, it was necessary to be certain that it was not due to a color reaction 
between excreted PGA and the Millon reagent. A standard solution of PGA was made and a 
test was run on it in an exactly similar manner to the test on the urine. It was found that 
while PGA, or its decomposition products produced during the test, did give some color in the 
modified Millon reaction if its concentration was high enough, under the conditions of the test 
its chromogenicity was so !ow that had the whole of the daily dose of PGA (95 mg.) been 
excreted in the urine it would only have been responsible for about 1 per cent of the color. 
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monkey if ascorbic acid is administered simultaneously. PGA had no effect on 
the amount of p-hydroxyphenyl compounds and keto acids exereted by scorbutic 
monkeys in contrast to its reported effect in guinea pigs. 


bo 
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THE EXCRETION KINETICS OF THE DYE T-1824 IN RELATION TO 
PLASMA VOLUME DETERMINATIONS 


ALVIN E. Lewis, M.D., anp Raymonp D. GoopMAN, M.D. 
Los ANGELES, CALIF. 


INTRODUCTION 


ECENT trends in clinical and experimental investigations have made in- 

creasing use of plasma volume determinations. In general, such determina- 
tions are calculated on the basis of the degree of dilution of some injected mate- 
rial. Brilliant vital red, T-1824 (Evans blue), and more recently red blood 
cells tagged with radioactive iron or phosphorus have been used. Because of 
technical difficulties, dye methods are more widely employed. 

In the use of dye injection methods some uncertainty exists regarding 
estimation of the time which should be allowed to secure uniform distribution 
of the dye throughout the circulating plasma. Furthermore, if a reasonable 
period of time is allowed for mixing there is also some uncertainty regarding the 
amount of dye lost from the plasma during this time interval. 

Certain modes of extrapolation of the dye concentration curves have been 
suggested. Originally a simple linear extrapolation was generally used. More 
extensive study of the character of these curves led King and co-workers’ to 
conclude that dye concentration was a function of the square root of time. 
Subsequently Gregersen and Rawson? concluded that extrapolation of a semi- 
logarithmic plot was more consistent with the available information regarding 
the disappearance of T-1824. 

A high degree of accuracy in the determination of plasma volume is 
desirable. Therefore, we have studied the kineties of T-1824 disappearance by a 
constant infusion method designed to eliminate the factor of mixing time. This 
method also makes it possible to estimate the order of magnitude of dye loss 
from the body. 

THEORY AND EQUATIONS 


During a constant infusion of dye intravenously, the rate of change in the 
5 y J) Fae} 
quantity of dye in the plasma is a resultant of two opposite components: (1) the 
rate of infusion, R, and (2) the rate of excretion, EK. Then: 
(1) a — R- E 
dt 
where Q is the number of milligrams of circulating dye, t is time in minutes, 
and R and E are expressed as milligrams per minute. From the data of 
Gregersen? as well as from our own, it is clear that over relatively short periods 
This paper is based on work performed under Contract No. At-04-1-GEN-12 between 
the Atomic Energy Commission and the University of California at Los Angeles. 
Received for publication, June 19, 1950. 
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the rate of excretion is almost constant, but extended studies of blood level curves 
show that the exeretory rate is variable, being a function of plasma level. Then: 


dQ 
Kk —CP, and — — ‘ 
dt R — CP 


where C is the clearance of the dye in cubic centimeters per minute, and P is the 
plasma concentration in milligrams per cubic centimeter. 

As is shown by the data to be presented, T-1824 behaves generally as 
though it were contained in a single fluid compartment. For most practical 
yurposes this T-1824 compartment is assumed to be equal to the plasma volume. 

| 
Then, if V is the plasma volume in eubie centimeters: 
ee ae = OF 
(2) vy =P an then (3) at = Vv 
After the infusion is stopped, if the plasma levels are sampled at various time 
intervals, the following equation should express the rate of change in P with 
time : 
dP _ -CP 
ea -¥ 
If Y is the rate of change in the rising blood levels during the constant infusion, 
and Y’ is the rate of change in the falling blood levels after the infusion is 
stopped, then: 


y-y—= 

(5) Y-Y => 
or 

(6) V=y—y- 


To the extent that the initial assumptions are correct, it is clear that the use of 
Equation 6 should make it possible to calculate the plasma volume from the 
rates of change in P instead of being dependent on their absolute values. The 
advantage of this method lies in the elimination of mixing time as a factor, since 
mixing is continuous throughout the procedure and thus, in a sense, is cancelled 
out. 

The method of using Equation 6 for calculations on experimental data will 
be demonstrated in the presentation of the results. 


MATERIALS AND METHODS 


Ten mature male Dutch rabbits were used in this investigation. No anesthetic was 
required since the animals were restrained on an animal board. Two series of experiments 
were performed. 

Series I—One ear vein was used for the constant infusion of the dye T-1824 delivered 
from a calibrated syringe driven by a manually operated screw (N.S. % in. — 20) at the 
rate of one revolution per minute (+ % r.p.m.). Accurately timed blood samples were 
withdrawn from the opposite ear vein using tuberculin syringes fitted with No. 26 hypodermic 
needles. Clotting and hemolysis were prevented by moistening the syringes with heparin. 
Each blood sample was transferred to a small test tube for mixing with oxalate crystals. 
The plasma was separated from the cells by centrifuging at 2,500 r.p.m. for forty-five minutes 
in mercury calibrated Wintrobe tubes. The plasma was then pipetted into matched cuvettes to 
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which known volumes of distilled water had been added. These were then read in a 
spectrophotometer (Coleman Junior) at 610 my for determinations of T-1824 content. <A 
dye-free plasma blank was measured in each experiment to correct for the optical density 
of the plasma. After the constant infusion was stopped, additional blood samples were 
obtained in order to follow the rate of dye disappearance. Ten such experiments were 
performed. 

Series IIA single injection of T-1824 from a calibrated tuberculin syringe was 
given into one ear vein. Accurately timed blood samples were obtained from the opposite 
ear vein and analyzed for their dye content as already described. Five such experiments 
were performed. 
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RESULTS 


The results of a typical experiment are shown graphically in Fig. 1. Since 
the rate of infusion is so high compared with the excretion rate, the relatively 
small variations in excretion rate produce no appreciable effect on the rising 
level curve. This curve is then virtually a straight line and the value for Y is 
calculated as the slope of this line. 

The graph of the falling levels shows some curvature which can be exag- 
gerated or diminished by changing the proportions of the coordinate units. By 
the method of averages straight regression lines were calculated for the falling 
level data treated first as simple straight lines and then as logarithmic functions. 
Using the resulting linear and exponential equations, the predicted plasma 
levels were compared. The mean error of the estimate, linear = 3.57 per cent; 
standard error of the estimate, linear = 5.54 per cent. The mean error of the 
estimate, exponential — 2.84 per cent; standard error of the estimate, exponen- 
tial = 4.37 per cent. 

The caleulated clearance values appear in Table I. No explanation for the 
wide variability of the clearances has been found. The clearances of six fed and 
four fasted animals were compared. There was no significant difference be- 
tween these groups, as the mean clearances were 0.111 ¢.c. per minute per kilo- 
gram and 0.103 ¢.c. per minute per kilogram respectively. The probability of 
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obtaining this difference by chance is greater than 0.5. Table I also includes for 
comparison the estimates of excretory rate of T-1824 based on the assumption 
that dye disappearance is linear. 











TABLE I 
EXPERI- WEIGHT 
MENT (GM.) | V LIN/KG. E/KG. V LOG/KG. CLEAR/KG. 
1 2,460 38.9 .00252 40.4 0.102 
2 2,255 31.6 .00159 30.6 0.080 
3 2,365 41.9 _ 00187 41.6 0.145 
4 2,395 39.8 .00177 40.5 0.106 
5 2,030 37.3 .00357 37.5 0.136 
6 2,075 31.9 .00774 36.0 0.084 
7 2,290 30.4 .00540 32.1 0.119 
8 2,380 40.6 .00119 39.9 0.073 
9 3,075 37.2 -00044 43.9 0.119 
10 2,450 35.4 .00394 36.6 0.136 





V lin/kg., Plasma volume in cubic centimeters per kilogram calculated on linear basis. 
E/kg., Excretory rate T-1824 in milligrams per minute per kilogram. 
—_ V log/kg., Plasma volume in cubic centimeters per kilogram calculated on exponential 
asis. 
Clear/kg., Clearance of T-1824 in cubic centimeters per minute per kilogram. 
Standard deviation of V log/kg., = 4.2 (11.08 per cent of the mean). 
Standard deviation of Clear/kg. = .0253 (23.0 per cent of the mean). 


In order to evaluate the effect of mixing time, five rabbits previously 
studied by the constant infusion method were studied by the single injection 
method as outlined. The plasma volumes were calculated on the basis of plasma 
concentrations extrapolated back to zero time both on a linear and a semi- 
logarithmic basis. These caleulated volumes are presented in Table IT along with 
the values previously determined when the effects of mixing time were eliminated. 











TABLE II. COMPARISON OF CALCULATED PLASMA VOLUMES p 
INTERVAL : 
EXPERIMENT V LOG V LIN. V INF. (DAYS) 
] TS 38.2 40.4 35 
2 33.6 33.9 30.6 26 
3 31.0 36.9 41.6 is 
4 sh Py sy bef 40.5 14 
5 42.7 43.1 37.5 13 





V_log, Plasma volume in cubic centimeters per kilogram of body weight calculated by 
extrapolation on a logarithmic basis. 

V lin., Calculated by extrapolation on a linear basis. 

V inf., Calculated by the constant infusion method. 


DISCUSSION 


There is ample evidence that T-1824 is linked to serum albumin’ with which 
it slowly diffuses out of the capillaries to be returned to the blood stream via the 
lymph. Mathematical consideration of factors in the rate of change in plasma 
level theoretically should include the rate of loss from the blood stream and the 
rate of lymphatic return. However, the difference between loss and gain in this 
instance must be small enough to be negligible, since the plasma concentrations 
calculated on the basis of the equations presented check very closely with the 
experimental values. Although our data give no indication of the absolute 
values of either capillary loss or lymphatie gain, the speed with which they attain 
equilibrium should be reflected in the mixing time if these values are con- 
siderable. The fact that a certain small amount of T-1824 bound to albumin 
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does circulate outside the vascular compartment introduces a corresponding 
degree of error in estimations of plasma volume. It may be that this accounts 
for the discrepancy between estimations of plasma volume based on dye and 
tagged red blood cell dilutions, even though there is evidence that much of this 
diserepancy may be attributed to variations in hematocrit between central and 
peripheral blood samples. Unless it ean be demonstrated that the amount of 
dye circulating outside the vessels is invariably small, it would be well to keep in 
mind that the dye dilution method measures the volume of the ‘‘dye compart- 
ment,’’ that is, the entire fluid space in which T-1824 is distributed. Ordinarily 
this probably satisfactorily approximates plasma volume, but considerable error 
may accompany increases in capillary permeability. The possible magnitude of 
such an error is demonstrated by the study of Elster, Freeman, and Dorfman? 
on dye concentration curves in rats. 

It is clear from the data in Table II that the mixing time of T-1824 in the 
plasma of rabbits is negligible, and the error produced by neglecting mixing 
time is approximately 3.41 per cent. This error may actually be even smaller, 
as the magnitude of this error as measured here includes some experimental 
error as well as the small change which may have occurred in the interval between 
tests. Although it would have been highly desirable to have performed these 
determinations with a shorter time interval, this was not feasible because of the 
numerous blood samples required for each study. However, in larger animals 
and in man the mixing times may be much longer. The constant infusion 
technique as described in this paper makes it possible to evaluate and measure 
this factor. 

SUMMARY AND CONCLUSIONS 


A method for the measurement of plasma volume using a constant infusion 
of the dye T-1824 has been described. 

Since this calculation of plasma volume is based on rates of change in 
plasma concentration, the possible effects of mixing time are eliminated. 

In rabbits the error introduced by neglecting mixing time is negligible. 

The data indicate that in rabbits there is no significant difference in caleulat- 
ing plasma volumes by linear or exponential extrapolation. 

The exeretory rate of T-1824 in rabbits is so low that estimations of clear- 
ance or maximum excretory rate are invalidated by relatively small experimental! 
errors. 


We are indebted to Mr. Emmett D. McLaughlin for his assistance in the performance 
of these experiments. 
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PROTEIN METABOLISM IN CHRONIC ILLNESS: EFFECT OF PROTEIN 

SUPPLEMENTATION ON NITROGEN BALANCE, HEMOGLOBIN, SERUM 

PROTEINS, AND WEIGHT IN THE MALNOURISHED AND THE EFFECT 
OF THE NUTRITIONAL STATUS ON NITROGEN STORAGE 


S. O. Watre, M.D.,* Micuaet G. Wont, M.D.,+ ANp JOHN G. REINHOLD, PH.D. 
PHILADELPHIA, PA. 


WITH THE TECHNICAL ASSISTANCE OF GEORGE CLOUGH 


ROTEIN is destroyed at an excessive rate during the early stage of most 

acute illnesses or injuries.1 This so-called “toxie destruction of protein” 
may reach excessive levels (40 or more grams of nitrogen a day) but does not 
appear to be dependent upon the presence of fever or destruction of diseased 
tissue. Peters” * believes it parallels the intensity or severity of the infection 
or disease. The negative nitrogen balance often cannot be prevented by a 
high protein intake.* Excess nitrogen is excreted chiefly as urea and am- 
monia.° 

Although the diseased state continues, the loss of nitrogen in the urine 
gradually diminishes and a positive nitrogen balance may be established on an 
adequate diet. 

Protein wastage is characteristic of acute injury or disease in previously 
healthy subjects. In prolonged and debilitating illnesses, such as typhoid 
fever,” 7 tuberculosis,’ and various states of malnutrition,® this phenomenon 
does not occur. In such patients there is no marked rise in urinary nitrogen 
following infection or operation and, furthermore, these individuals can be main- 
tained in nitrogen equilibrium or in positive balance at relatively low levels of 
protein and calorie intake.’° In chronic debilitating conditions the synthetic 
powers of the body appear to be intact, but although the mechanism of anabolism 
and catabolism are normal, they may act at “a higher rate of exchange.” 

The value of a high protein intake for mitigation of the excessive protein 
wastage in acute infection and injuries has been emphasized by many’” ?° but 
dissent from this viewpoint exists.*»* At any rate, there is no evidence to indi- 
eate that a high protein and caloric intake is injurious. 

The value of protein supplementation in the chronically debilitated patient 
has not been studied quite so extensively. In the course of a study on the effect 
of nutritional factors on antibody production in man,'* * nitrogen balance was 
determined in twelve chronically ill patients for periods of time varying from 
22 to 124 days (mean of 50 days). We attempted to answer the following ques- 
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tions: (1) of what value is continued protein supplementation in the chronically 
ill patient and (2) what is the effect of a high protein intake on body weight, 
hemoglobin, serum albumin, and globulin levels in these patients? 


METHOD OF STUDY 


Patients were selected who had either hypoalbuminemia (serum albumin under 4.0 
Gm. per cent) or who had obviously lost weight and were ‘‘malnourished’’ clinically in 
spite of low normal albumin levels. 

Ten patients had diabetes mellitus and were hospitalized for one of its complications, 
usually gangrene or cellulitis; the eleventh patient had advanced rheumatoid arthritis, 
and the twelfth, a persistent undiagnosed anemia. The sexes were equally divided; the 
average age was 51, the range being 22 to 73 years, 

The clinical management in each case was maintained by the staff physicians, and 
while this, for example, led to individual differences in dietary intake, it more practically 
illustrated the problem of supplementation in a hospital ward. 
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Fig. 1.—Relationship of N stored (positive balance) to intake in Group I. Each symbol 
represents one study period for one subject. 


The food was prepared by dietitians. Intake records were corrected for food rejected 
by the patient. Casein concentrate* in a milk shake prepared in a Waring Blendor with 
flavoring substances and milk served as a supplementt to the regular diet when high pro- 
tein intake was required. This was readily tolerated by all patients. Milk used in the 
supplement was that previously included in the patient’s daily dietary allowances. In 
some instances, diets were kept isocaloric by reducing fat and carbohydrate proportion- 
ately when extra protein was given. The standard tables of Bowes and Church1¢ were 
used, Serum total protein, albumin, and globulin were determined by the method of 
Kingsley.17 Hemoglobin was determined by the method of Evelyn.18 Urine was collected 
in bottles containing hydrochloric acid and toluol. Nitrogen was determined by the micro- 
Kjeldahl method as described by Miller and Miller.19 Feces nitrogen was determined in 
most cases. In the event of occasional incomplete collections, it was estimated as 10 per 
cent of the urinary nitrogen. The blood urea nitrogen was frequently determined but was 
found to remain within the normal range. 

Tests of liver function, including measurement of serum bilirubin concentration, 
cephalin-cholesterol flocculation, and thymol turbidity, were made. ‘These were normal 
except in Patient War. (See clinical data. ) 


*Protinal, kindly supplied by the National Drug Company. 
*Patient H. A. was supplemented with meat. 
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OBSERVATIONS 
In six of the twelve subjects the degree of protein utilization as deter. 
mined by positive nitrogen balance was proportional to the protein intake | 
when a sufficient caloric intake was insured. They will be considered sep- , 
arately as Group I. (Data illustrated in Fig. 1 and Table I.) 7 
TABLE I. Group IL . 
PER 
CENT 
OF 
SUPPL, 
STORED 
coM- 
PA- PARED 
TIENT, | DAYS AVERAGE GM, N/DAY TO CON-| TOTAL 
AGE, IN GM. P BAL- |SUPPLE-| TROL | STORED 
SEX | PERIOD} KBW |INTAKE| ANCE | MENT | PERIOD | GM,N CLINICAL FEATURES 
ty 9 0.89 | 14.31 | + 4.06 |Control Diabetes, (?neuropathy), 
52,M 8 1.30 | 20.67 8.98 | 6.3 77.3 granuloma of liver 
7 1.28 | 19.60 8.06 | 5.29 75.6 (probably syphilitic) 
4 1.85 | 28.68 13.49 | 14.37 65.6 | 218.8 | Insulin at discharge: 20, 
45P — 0 - 0 
J.C. 12 1.38 | 14.07 |+ 1.33 |Control Diabetes, (mild postoper- 
40,M 12 1.85 | 17.18 5.79 3.1] 148. ative hypothyroidism ) 
8 2.45 | 22.74 9.76 8.67 97.2 Insulin at discharge: 10, F 
4 | 137 | 1238 | 281 | 0 - | 1749 | 25P - 0-0 
J.B. 8 1.14 | 12.76 | + 3.51 |Control Diabetes, acidosis, hyper- 
56, F 5 2.18 | 24.42 11.98 | 11.66 72.6 tensive encephalopathy, 
4 2.34 | 26.13 9.58 | 13.37 45.4 cataract, retinopathy, Ww 
5 1.24 | 13.83 2.79 | 1.07 0 140.3 severe anemia h 
Insulin at discharge: 
i | 20 - 0 - 10 m 
H. R. 5 1.96 | 14.32 | + 6.35 |Control Diabetes, cellulitis of foot, ar 
62, F 5 1.95 | 14.16 6.31 |Control diabetic retinopathy | 
7 3.78 | 27.43 | 16.11 | 13.19 | 74.1 Insulin at discharge: st 
7 2.40 | 17.46 | 6.02 | 3.22 0 | 2182 | 306+25-0-0 de 
as 14 1.68 | 10.97 | + 3.55 |Control Rheumatoid arthritis, ad- di 
68,F | 10 3.28 | 21.66 | 8.27 | 10.69 | 39.5 vanced, inactive . 
10 2.46 16.31 2.70 5.34 0 
10 2.07 14.05 3.73 3.08 5.8 oo, 
10 4.6 | 31.95 | 12.43 | 20.98 | 42.5 an 
13 1.58 | 10.96 |- 0.8 0 0 an 
6 5.02 34.90 20.11 | 23.93 69.2 (3 
3 1.47 | 10.33 |- 1.35] 0 0 ” 
3 5.25 | 37.07 22.32 | 26.10 71.9 
3 1,92 | 13.53 |-— 0.84 0 0 h 
7 4.62 | 33.51 | 18.91 | 23.53 | 69.5 th 
12 3.74 | 27.42 | 11.13 | 16.45 | 46.1 th: 
$ 1.28 9.77 1.07 0 0 
10 3.94 30.10 6.96 | 19.13 17.5 
9 1.45 | 10.24 |- 0.19 | 0 0 829.21 os nit 
MP 1.50 13.87 | + 5.16 |Control Diabetes, hypertensive 2 ph: 
41,F 3 2.76 | 26.05 12.62 | 12.18 61.1 CVD with mild failure, 
11 1.54 | 14.53 3.22 0 albuminuria, very labile clo 
14 1.55 | 14.60 3.58 0 diabetes, hard to regu- obs 
10 2.90 | 27.24 7.69 | 13.37 18.9 late (maximum insulin 
10 1.98 | 18.69 3.81 | 4.82 0 315 units/day) eve 
14 1,96 | 19.0 3.77 | 5.13 0 347.96 | Insulin at discharge: Gre 
50G — 0 = 30G 
ae age 





Gm. P_ Grams protein/kilogram body weight. 
KBW 
*Included in this group, actually falls between Group I and Group II. Ww 
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These subjects were able to retain surprisingly large amounts of protein. 
Although in most instances our studies began weeks or months after their 
admission to the hospital (during which time the patients were offered an 
“adequate” protein diet, 11 to 14 Gm. of nitrogen daily), they were, neverthe- 
less, able to store about three-fourths of the supplementary protein. Supple- 
mentation usually consisted of an amount equal to the control period nitrogen 
intake (100 per cent supplementation). 
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Fig. 2.—Relationship of N stored (positive balance) to intake in Group II. Each symbol 
represents one study period for one subject. 


This can be seen particularly in Patient T. G., a bedridden woman, on 
whom a 124-day balance study was performed eleven years after she had been 
hospitalized. During this time she had received a diet ad libitum supple- 
mented with vitamins. In the course of these experiments, she received large 
amounts of protein, up to 5.25 Gm. per kilogram per day. She was able to 
store as much as 829 Gm. of nitrogen or an average of 6.7 Gm. of nitrogen a 
day for four months. Only toward the very end of this experimental period 
did there seem to be a falling off in utilization of the supplementary protein. 

In four patients the nitrogen balance increased only slightly as the protein 
intake rose. These comprise Group IJ. Their data are summarized in Fig. 2 
and Table II. (Patient M. P. fell between the two groups but was ineluded in 
Group I.) 

In this group, supplementary protein, given in amounts approximating 
those fed Group I , was retained only to a small extent. Thus, one may infer 
that little was gained by supplementing these subjects. 

Two explanations may be offered for their failure to retain the additional 
nitrogen: (a) these patients were still not out of the predominantly catabolic 
phase of protein metabolism or (b) they were better nourished and hence 
closer to nitrogen equilibrium than Group I. The latter is in accord with the 
observation that excess nitrogen is merely excreted in normal subjects.2° How- 
ever, the nitrogen balances initially did not differ appreciably from those in 
Group I, which suggests that they were nearer a state of normal protein stor- 
age. 

Analyzing the individual records (Table II), it can be seen that Patient 
W. S. continued to store protein at an average of 4.4 Gm. daily during the 
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PER CENT 
PA- AVERAGE GM, N/DAY ° ae 
TIENT, | DAYS COMPARED | TOTAL 
AGE, in | GM. P BAL- |SUPPLE-|TO CONTROL| STORED 
SEX |pERIOD| KBW |INTAKE| ANCE | MENT PERIOD GM, N CLINICAL FEATURES 
W.S. 8 1.05 | 12.04 | +5.75 |Control Diabetes, carbuncle, 
58,M 7 1.77 | 20.36 6.88 | 8.32 13.5 three days of fever, 
7 2.19 | 25.56 6.89 | 13.52 8.4 good healing (Had re- 
9 2.23 | 26.04 5.30 | 14.00 0 quired 55 units post- 
5 2.24 | 26.56 5.42 | 14.52 0 operatively ) 
3 1.02 | 12.16 —4.0 1.25 0 Insulin at discharge: 0 
5 2.19 | 26.39 3.29 | 14.35 0 
7 2.64 | 31.93 4.74 | 19.89 0 
8 2.75 | 32.85 3.91 | 20.81 0 
3 1.03 | 12.01 —4.07 0 0 274.2 
Watt.} 11 1.43 | 15.53 +3.34 |Control Diabetes 
67,M | 10 2.79 | 30.45 5.62 | 14.92 18.6 Insulin at discharge: 0 
10 2.76 | 30.0] 3.29 | 14.48 0 
11 3.16 | 34.24 4.55 | 18.71 6.5 176. 
War. 10 1.55 | 13.6 —0.74 |Control Diabetes, ? cirrhosis, leg 
55,M | 10 2.16 | 18.71 +0.55 5.1] 25.2 ulcer 
10 1.94 | 16.47 —0.33 2.87 0 Insulin at discharge: 0 
8 1.86 | 16.14 —1.44 2.54 0 
12 3.09 | 26.76 0.05 | 13.1 0 -16.0 = 
M. M. 5) 1.07 | 12.51 +3.56 |Control Severe anemia, etiology 
24,F 5 1.04 | 12.27 2.88 |Control unknown 
6 2.07 | 24.65 7.89 | 12.14 35.6 
6 2.01 | 24.12 3.96 | 11.61 0.03 
5 1.07 | 12.54 -2.85 0 
4 | 1.49! 17.51 3.26 | 5.0 0 102.1 7 

















sixty-two day study period. Thus, his protein stores presumably were not 
saturated and he was still in the-anabolie phase (point X, Fig. 4). His protein 
supplementation was gradually increased and this may explain the fact that in 
the next to last period, on an intake of 32.85 Gm. of nitrogen a day for eight 
days, he was able to retain only 3.9 Gm. (less than he retained on the control 
intake of 12.04 Gm.). It may be inferred that by the end of this period the 
patient had reached approximate nitrogen equilibrium (point Y, Fig. 4). 

On the other hand, Patient Watt. was unable to retain more than 18.6 per 
cent of the 100 per cent protein supplementation; in fact, in the second ten-day 
period he retained none of the additional 15 Gm. of nitrogen. But here, too, 
the balance was positive; nevertheless, no advantage was gained, as far as 
balance was concerned, by protein supplementation. 

The other two eases of this group exhibited similar phenomena. Patient 
M. M. was in moderately positive nitrogen balance but gained very little from 
supplementation; War. continued to waste nitrogen slowly on nitrogen intakes 
varying from 13.6 to 26.8 Gm. per day (point Z, Fig. 4). 

In Group III (Fig. 3, Table IIT), we have placed two other patients. Pa- 
tient H. C. was unsupplemented and served as a control. After fifty days of 
slightly positive nitrogen balance, he apparently was reaching equilibrium. 
Patient H. A. was given only a small amount of extra protein (about 4 Gm. of 
nitrogen daily). Nevertheless, she utilized this protein intake with increasing 
efficiency, so that toward the end of the observation period of thirty-eight days, 
she stored a progressively larger portion of the protein intake. 
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“H.C, 
73,M 


10 
10 
10 
10 
10 


Diabetes, gangrene, (un- 
supplemented) poor 
healing 

Insulin at discharge: 
10418" —'0 =-0 
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Fig. 3.—Relationship of N stored (positive balance) to intake in Group III. 


Each symbol 
represents one study period for one subject. 


Clinical Observations.—Since the “inherent gravity” of the disease may be 
a factor in determining nitrogen loss, we have attempted to find a common 
clinical denominator for the variable reactions to protein supplementation. 
In the ten diabetic subjects the clinical records showed no consistent factor, 
such as age, sex, blood sugar level, degree of retinopathy, peripheral vascular 
disorder, or presence of fever, which could be related to the nitrogen balance. 
However, the severity of diabetes as determined by the admittedly poor 
comparison of insulin requirements in units upon discharge from the hospital 
reveals the following 
GROUP I 
J.T. 45P 
20 
25P 
10 
20 - 


30G 
25 


M.P. 50G 
Where P represents a protamine and G a globin derivative, 


GROUP II 
W. S. 0 


GROUP III 
1I8P -0-0 
10 
32G -— 0 - 26G 


- 0 -0 H.C. 


J.C. -0-0 Watt. 0 H. A. 


a B, 
H.R. 


0 - 10 War. 0 


- 0 -0 
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It appears therefore that the insulin requirements were less in Group I]— 
the group which may be nearer protein repletion. Because of the small num- 
ber of cases no conclusions can be deduced from these data at present. It 
may be stated, parenthetically, that no evidence was found that the high pro- 
tein intake in any way aggravated the diabetic state. The presence of a non- 
diabetic subject, Patient T. G., among those showing the greatest storage of 
nitrogen indicates that the difference observed cannot be attributed solely to 
differences in severity of the diabetic state. 
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Fig. 4.—Position (X, Y, Z) of subjects at various times on curve of “protein stores.” See text. 


The Kinetics of Protein Repletion.—Even in this group which clinically 
seemed relatively homogeneous there were individuals in whom the degree of 
positive balance did not reflect the amount of protein fed. We believe this can 
be explained by their position on a protein-repletion curve. 
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Fig. 5.—Protein repletion curve illustrating response to stress and repletion of protein stores 
in well and poorly nourished subjects. 

Reference to such a curve (Fig. 5) suggests some of the essential differ- 
ences in protein metabolism between the well-nourished and malnourished 
patient. The protein-depleted subject is pictured lower on the seale than the 
well nourished. When stress, such as an injury or illness, oceurs, the first 
response—protein catabolism—is much less prominent in the depleted indi- 
vidual. The depleted subject will return to nitrogen equilibrium much 
earlier, if fed the amount of protein and calories which were adequate to 
maintain balance before illness. However, if he ingests protein exceeding that 
needed to maintain equilibrium before the illness, he will replenish the depleted 
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stores of protein provided the total caloric intake is sufficient to cover energy 
requirements (broken line, Fig. 5). Hence, there will result a prolonged “ana- 
bolic” phase. (Patient T. G., actually was “anabolic” for over four months.) 
In this state of repletion protein utilization will be proportional to protein 
intake. As total repletion (the 100 per cent line, “normal’’) is approached, 
the anabolic rate decreases and nitrogen equilibrium is achieved. 

Patients who are still in, or emerging from, the initial catabolic phase of 
their illness and those whose protein stores are almost saturated will retain 
protein less efficiently. The former will be in persistent negative balance; the 
latter will have a small postive balance in spite of a large intake. 

It is significant that the relationship (Fig. 1) of nitrogen balance to nitro- 
gen intake is essentially identical (when interpolated into grams of protein 
per kilogram of body weight) with observations made by von Hoesslin thirty 
years ago in cases of severe inanition and starvation*» ** and with the observa- 
tion by Werner?’ in patients in the postoperative state. The subjects in this 
group, therefore, reacted to protein supplementation as did severely starved 
men. 

The explanation for the difference in protein metabolism between pre- 
viously healthy and chronically debilitated persons may lie partly in the im- 
paired response in debilitated individuals of adrenal cortical hormones in con- 
ditions of stress.2* 7°26 More information is needed at this point. 

Relation Between Nitrogen Balance and Serum Protein and Iemoglobin.— 
It will be seen (Table 1V) that no over-all correlation was found between 
serum albumin or globulin levels on one hand and the total amount of nitrogen 
stored or the rate at which it was stored. Neither was there a correlation be- 
tween changes in plasma proteins or hemoglobin and their initial leveis. The 
small changes that occurred in concentration of these substances are without 
statistical significance. 

When these patients were grouped according to the rate of storage (grams 
nitrogen stored per day, Table V), a difference in the amount of hemoglobin 
regenerated* is observed that is statistically significant (P — 0.02) when 
tested by Fisher’s method for evaluation of differences of means of small 
samples. 

The group which stored over 6 Gm. of nitrogen per day averaged only 0.6 
(im. hemoglobin per cent net change; the group which stored from 3 to 5 Gm. 
of nitrogen per day had a mean rise of 2.2 Gm. per cent of hemoglobin. We 
believe the explanation lies in the fact that perhaps Group IT, near equilibrium 
and hence retaining nitrogen in the “store” less avidly than Group I, could 
fabricate hemoglobin, while the tissues had priority over hemoglobin in Group 
I, although factors other than the protein intake, such as the presence of infee- 
tion and ingestion of iron, may have been active. 

DISCUSSION 

The dynamic aspects of protein metabolism?’ suggest that the multiple 

Processes of anabolism and catabolism are occurring simultaneously at differ- 


* ’ < . : : ‘ e ‘ 
As may be expected, of four of the six subjects in Group I (i.e. balance proportional to 
€) five are in the first six when listed in order of descending rate of storage. 
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RATE OF PROTEIN REPLETION AND CHANGES IN HEMOGLOBIN, ALBUMIN, 
GLOBULIN, AND WEIGHT 





















































BAL./DAY A HB A ALB. INITIAL A GLOB. A WT, 
GROUP (GM, N) (GM. %) (GM. % ) | ALBUMIN (GM. %) (LB. ) 
ot a ——— 
H.R. 9.08 0.2 —0.3 4.6 0.8 1.5 
J.T. 7.81 1.5 0.4 2.9 0.3 2.0 
T. G. 6.68 =0:3 0.45 3.20 0.55 13.0 
J. 6.37 0.8 0 4.3 0.3 2.5 
A ___ 6.13 0.9 0.37 4.45 —0.27 2.5 
Average 7.21 0.6 0.18 3.90 0.34 4.4 
II 
oC. 4.85 2.6 0.8 3.9 0.4 —12.0 
M.P 4.76 Le —0.2 3.7 0 6.0 
W.S 4.42 ) 0.7 oe 0 4.0 
Watt 4.19 2:3 0.57 4.1 —0.4 0 
M. M 3.29 nels | 0.8 4 4.5 0.5 10 
Average 4.3 Kets acdsee a! 0.43 3.9 p08 =| O32 - 
III 
H. C. 2.54 0.1 —0.65 4.95 0.32 ~10. 
War. ~0.32 1.0 0.5 4.0 0 oe 
Average - 7.0 


























ent and variable rates not only in the over-all picture as determined by balance 
studies, but also in specific protein fractions, such as hemoglobin, plasma pro- 
teins, and antibody. 

If this is so, we may tentatively conclude that the chronically ill and pro- 
tein-depleted individual upon leaving the catabolic phase of illness (which, to 
repeat, is milder and shorter in duration than that in acute illness in the ade- 
quately nourished) will use the protein ingested above the obligatory amount”* 
to replete the tissues. 

As the protein reserves are gradually replenished, there begins to be evi- 
dent a change in hemoglobin concentration. Whipple?® has suggested that 
hemoglobin has priority over albumin in protein regeneration. No evidence 
was obtained to prove or disprove this contention. Undoubtedly, many fac- 
tors enter into priority. 

Because of the small sample and wide variation, no significance can be 
attached to the fact that the initial serum albumin concentration was the 
same, 3.9 Gm. per cent, in Groups I and II. 

Although blood volume determinations were not made, the numerous de- 
terminations over an average study of seven weeks showed no changes sugges- 
tive of any significant alterations in extracellular space. 

Relation of Caloric Intake to Weight Change.—A surprising finding was the 
large amount of nitrogen storage and presumably tissue rebuilding without 
parallel weight change. This phenomenon has been mentioned by others.?® 3% * 
If the caloric intake is inadequate for the body’s needs, protein, of course, will 
be used for calories. Indeed, Werner and co-workers*? believe that many 
nitrogen balance studies have neglected this aspect. 

Our subjects received from 25.6 to 59.5 calories per kilogram of body 
weight during the control period.* Thus, protein did not have to be used to 





*The actual caloric intake during the control period ranged from 2,000 to 2,840 calories. 
overweight diabetic subject (J. T.) was given 25.6 cal. per kilogram body weight to reduce 
rm Weight; contrariwise, an underweight patient (H. R.) ate 59.5 cal. per kilogram body weight 
uring the unsupplemented period. 
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TaBLE VI. RELATION OF WEIGHT CHANGES TO CALORIC INTAKE 


CAL./KG, DURING | 




















100% PROTEIN 
SUPPLEMENT 
GROUP ss || —| _PATIENT _ | CAL./KG. CONTROL — PERIOD A WT./DAY 
I * Fy is 25.6 30 + .072 
J5G. 42.5 46.5 = 330 
J.B. | 31.2 37.4 + .114 
H.R. | 60 70.5 + .063 
{WS Ce 53.2 | 65.0 + .109 
cient MP. | 48 | 460 | + 082 
Mean 42.6 49.2 + .018 
UI W.S. | oa. 45 + 065 
| Watt. 31.4 | 39.4 0) 
War. 49 52 — .080 
= a | >) wie | . 39.4 ‘ + .032 
_Mean || | ss B78 = 440 sf. si +_-~«.0004 
Til me, 32 | 34.4 — .182 
_ | H. A. 53 | ae + .066 
Mean | 42.5 43.2 | - .058 


meet caloric requirements. However, no significant relationship was found 
between caloric intake during control or supplemental periods and the rate of 
or total weight change (Table V1). However, as a group the “more depleted” 
patients (Group I) gained more weight than those nearer to protein satura- 
tion. 

The discrepancy between weight gain and nitrogen storage was unex- 
pected. Patient T. G., for example, gained 6.1 kg. in weight but retained 
enough nitrogen, which expressed as “tissue” (fat and extracellular fluid-free 
protoplasm) would be equal to 22.4 kg.*; Patient Watt. stored 4.7 kg. of 
“tissue” without any change in weight; Patient J. C. lost 5.5 kg. in weight 
but stored 4.7 kg. of “tissue.” 

Kosterlitz®? suggested that with the loss of retention of protein there is 
loss or formation of “labile liver cytoplasm.” Additional evidence has been 
obtained by Jaffe and co-workers.** Protein may be lost from liver cytoplasm 
without a decrease in number of cells. As much as 40 per cent of liver protein 
may be lost after a one-week fast in rats.*° Nitrogen storage in the depleted 
animal was related to the synthesis of new liver protein, about 4 per cent of 
the nitrogen stored appearing in the liver.** Nevertheless, the amount of 
protein stored by these subjects was greater than could be accounted for in 
this way. 

One subject (Patient War.) had evidence of some liver damage. He was 
in slight daily negative nitrogen balance in spite of adequate caloric and pro- 
tein ingestion. His calorie intake ranged from 49 to 52 eal. per kilogram body 
weight. Ingestion of 3 Gm. of protein per kilogram body weight for twelve days 
‘led to a total retention of only 0.6 gram. During the fifty-day study, the patient 
lost 4 pounds while his hemoglobin rose 1 Gm. per cent and his albumin ros¢ 0.5 
Gm. per cent. This 55-year-old diabetic man had been admitted to the hospital 
four months before this admission during which he was studied by us. At that 


*Experimental error arising from incomplete collections suggested itself early in the course 
of the observations. This patient was bedridden, cooperated willingly, and error of une 
magnitude required could not be established. 
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time, a diagnosis of questionable infectious hepatitis and/or cirrhosis was enter- 
tained. Liver function studies revealed an impaired prothrombin time, 3 plus 
cephalin-cholesterol and thymol flocculation tests, cholesterol esters of 21 per 
cent, total cholesterol of 133 mg. per cent, and elevated serum bilirubin. During 
the period of hospitalization herein reported, the cephalin-cholesterol floceula- 
tion was 3 plus but thymol turbidity and flocculation tests were normal. 


SUMMARY 


Twelve chronically ill, “protein-depleted” subjects were studied by nitrogen 
balance methods for an average of fifty days (range 22 to 124 days). 

When their protein intake was supplemented by an oral casein concentrate 
preparation, large amounts of nitrogen were stored. This avidity for protein 
reached high proportions in certain individuals even after months of presumably 
adequate protein intake. 

In six subjects, the nitrogen balance rose to approximately the same extent 
as did the nitrogen intake. Four other patients studied showed only a moder- 
ately increased nitrogen balance in response to increased intake of protein. 
This was probably because their protein stores were almost completely re- 
plenished. Clinically, this group is indistinguishable from the former except 
that (among diabetics) they require significantly less insulin. Further work 
is needed to distinguish this group in order to avoid useless and indiscriminate 
protein supplementation. 

No over-all correlation was found between the amount of nitrogen stored 
or the rate at which it was stored on one hand and albumin, globulin, or weight 
changes on the other. None of the usual determinants helped in predicting 
who would store large or small amounts of nitrogen or which protein fraetion 
would change. 

-atients in the anabolic phase of protein metabolism gained somewhat 
more weight when compared with those believed to be near complete protein 
repletion. This latter group showed a statistically significant greater rise in 
hemoglobin levels. 

Protein metabolism in chronic illness differs significantly from that in 
acute illness in previously well subjects. The position along the kinetic course 
of protein repletion determined the choice and degree of protein fraction which 
would be altered on supplementation. 

We wish to thank Dr. E, 8. Dillon and Dr, A. J. Sindoni, Jr., of the Metabolic Division, 
and Dr. T. M. Durant and Dr. W. G. Leaman, of the Medical Division, for use of their clini- 
tal material, Dr. H. P. Schwarz for advice, and Miss G. Turner and Miss L, Manley for 
dietetic assistance, 
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THE NATURE OF THE LESIONS ENCOUNTERED IN ROUTINE 
CHEST X-RAYS 


Rospert V. SuAtTrery, M.D., WILLIAM G. BEADENKopr, M.D., AND 
CLAYTON G. Loosii, M.D., PH.D. 
CHICAGO, ILL. 


.. extensive use of mass photofluorography of the chest has brought about 
the need for an evaluation of the technique in regard to its efficacy in the 
detection of pulmonary infiltrates, as well as other types of chest abnormalities 
which show radiologically. In view of the complete clinical facilities which are 
available in the Student Health Service as a unit of the University of Chicago 
Clinics, it was possible to set up a program of surveying for chest disease and, 
at the same time, to evaluate with the aid of prolonged observation cach ab- 
normality detected. This plan has constituted, since 1947, the tuberculosis con- 
trol program or, more inclusively, the program of chest disease detection. 

It was also possible to obtain a measure of the limitations in the detection 
of chest disease by periodic x-ray examinations. A program of re-examination 
at approximately annual intervals has failed in two instances, during 1947-1948, 
to detect active pulmonary tuberculosis before symptoms had developed. In a 
third instance, an incidental chest x-ray, four months after a normal film, re- 
vealed an infiltrate shown subsequently to be tuberculous. The histories of the 
three patients are presented and the radiologic evidence of the disease is illus- 
trated. 

METHODS 

During the period between Jan, 1, 1947, and June 1, 1948, a group of 10,598 students 
at the University of Chicago was surveyed. Some of the students with pulmonary infiltrates 
have been followed beyond the period of the survey. Approximately one-half of the group 
consisted of students entering the University and the remaining half represented students 
already in residence. Each individual was given a single chest x-ray on a Picker 70 mm. 
minograph machine. At the same visit, tuberculin, histoplasmin, and coccidioidin skin tests 
were applied intracutaneously in 0.1 ¢.c. doses, each in particular areas on the forearms. <A 
Separate set of syringes and needles was employed for a single antigen. The tuberculin used 
was (0.0001 mg, P.P.D. (purified protein derivative); coccidioidin and histoplasmin were 
1 to 100 dilutions of sterile filtrates of broth cultures of the fungi. Each x-ray was examined 
by a member of the Department of Radiology. The students in whom abnormalities were 
detected were evaluated clinically in the Student Health Clinic with consultative assistance, 
a$ necessary, from the specialty clinics in the School of Medicine. The clinical work-up was 
necessarily individualized and is described later for each class of abnormality, but in all 
instances included a 14 in. by 17 in. stereograph of the chest. 


From the Section of Preventive Medicine and the Student Health Service, Department 
of Medicine, School of Medicine, University of Chicago. 
: This investigation was supported (in part) by a research grant from the Division of Re- 
Search Grants and Fellowships of the National Institute of Healtn, Public Health Service. 
Received for publication, June 19, 1950. 
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RESULTS 


showed an abnormal microfilm as shown in Table TI. 


TABLE I. CLASSIFICATION OF ALL MICROFILMS 


PER CENT 





Investigation advised elsewhere 


NUMBER OF TOTAL 

Total surveyed 10,598 100.0 | 
Normal 10,247 96.7 
Abnormal : 3.0 
Investigated clinically 320 3.0 


0.3 





shown in Table ITI. 





PER CENT 





i] 


factors: (1) variations in definition of ‘‘minimal lesion 


is not examined in the data presented. 


merated later. 


TABLE II. RESULTS OF 14 IN. x 17 IN. X-RAY EXAMINATION OF MICROFILM ABNORMALITIES 


Ra | PER CENT | PER CEN, 
14 IN. x 17 IN. 































General Iesults—Of the total 10,598 students surveyed, 351 or 3.3 per cent 


Clinical investigation was carried out on 320 of the 351 students showing 
abnormalities. The remaining thirty-one persons were not studied in this clinic 
because of change of residence, but each was advised by letter to obtain a work- 
up. The results of study of the 320 persons with abnormalities by microfilm are 


OF ABNORMAL X-RAY AB- 

NUMBER 10,598 MICROFILMS | NORMALITIES 
Normal by 14 in. x 17 in. x-ray 155 1.46 0.0 
Noncalcified pulmonary infiltrates 95 0.89 57.6 
Skeletal abnormalities 25 0.24 15:2 
Cardiac abnormalities 23 0.22 13.9 
Miscellaneous abnormalities 22 0.21 13.3 
~ Total — ee ee, lt“ iF e|”l|CU 


It can be seen that approximately one-half (47.8 per cent) of the persons 
reported as having abnormal chests by microfilm interpretation proved to have 
no abnormality on further examination. The discrepancy in the definition of 
‘‘abnormal’’ between the two x-ray examinations could be due to any of several 
on even the same film 
by different individuals and at different readings by the same individual’; (2) 
variations in definition, on a similar basis, of radiologic abnormalities other than 
‘‘minimal lesions,’’ e.g., cardiac contour, thickened pleura, and so on; (3) the 
presence of artifacts of clothing during the miniature x-ray examination; (4) the 
possibility of transient disease, e.g., infiltrates being demonstrated only on the 
first examination. The extent to which each of these factors may be responsible 


Of those whose chest abnormalities were confirmed by subsequent 14 in. by 
17 in. x-rays, 58 per cent turned out to have nonealcified pulmonary infiltrates; 
15 per cent were found to have skeletal abnormalities ; 14 per cent were found to 
have cardiac abnormalities; while the remaining group of 13 per cent was com- 
posed of those with a miscellaneous collection of chest diseases which are enu- 
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In Table III it can be seen that the age distribution of those with each type 
of chest abnormality is similar to the age distribution in the entire study popu- 
lation. With the exception of the cardiac class, there are no statistically signifi- 
cant differences in the age group distributions as shown by the X? test (p<0.1). 
In the cardiac class there is a higher proportion of members in both the youngest 
and oldest age groups than among the total population. The difference, how- 
ever, is only of questionable significance (p>0.05). The ratio of men and 
women, approximately 2:1, though not shown in Table ITI, is maintained without 
marked variation in the sums of all the classes. 

Evaluation of Pulmonary Infiltrates—The largest group of students show- 
ing chest abnormalities consisted of the ninety-five individuals with infiltrates. 
Clinical examinations made subsequent to the discovery of a pulmonary in- 
filtrate followed essentially the plan outlined in 1946 by Hilleboe and Holm’ 
and consisted of the following: history of present and past illnesses with empha- 
sis on possible exposure to airborne pulmonary disease,* physical examination, 
14 in. by 17 in. chest x-ray, sputum and/or gastrie lavage, blood count, and 
sedimentation rate. 

Sputum and gastric lavage specimens were examined for both tubercle 
bacilli and fungi. Direct smears were stained for acid-fast material; cultures 
were made on solid media (Petragnani) and, in a few instances, on liquid media 
(Dubos) ; and inoculations into guinea pigs each were examined for tubercle 
bacilli. Cultures were made for fungi on enriched brain-heart infusion blood 
agar media to which penicillin and streptomycin were added; colonies that 
appeared were then subeultured on Sabouraud’s media for identification. 
Original material was also inoculated into mice and, on sacrifice one month later, 
cultures were prepared as described for fungi. 

Skin tests with tuberculin, histoplasmin, and coccidioidin were adminis- 
tered during the original survey examination. The results of these tests made it 
possible to assign each person with an infiltrate to a class in which one specific 
etiological agent had probability of being later demonstrated. Those patients 
with infiltrates who did not react to a particular antigen could be considered very 
probably not to be infected by the corresponding etiological agent. Nonreactors 
were given repeated skin tests for the purpose of detecting a transiently negative 
reaction. When the search for an etiological agent continued to be unsuccessful, 
the patient was re-examined at three-month intervals or more frequently when 
indicated. 

It can be seen in Table IV that approximately one-half (47.4 per cent) of 
the patients with infiltrates reacted to tuberculin alone and that an additional 
one-quarter (22.2 per cent) of the patients reacted to tuberculin in combination 
with histoplasmin and coccidioidin. No patient was found who reacted to 
coccidioidin alone, while 15 per cent reacted to histoplasmin alone or in combi- 
nation with coccidioidin. Approximately one-sixth (15.8 per cent) of the group 
with infiltrates reacted to none of the three antigens after repeated testing. 





*In history-taking, emphasis was placed on the household contacts and so forth, and 


on types of geographic regions of previous residence. 
















TABLE IV. 


NATURE OF LESIONS ENCOUNTERED IN ROUTINE CHEST X-RAY 


SKIN TEST REACTIONS OF STUDENTS WITH PULMONARY INFILTRATES 
































REACTION TO 
TUBERCULIN HISTOPLASMIN COCCIDIOIDIN NUMBER PER CENT 
J + as a 45 47.3 
+ + o 15 15.8 
+ - + 3 Sen 
+ + + 3 3.2 
nm + 12 12.6 
- + 2 | 
" - + 0 0.0 
- - - 15 15.8 
Total 95 100.0 





Table V shows among the ninety-five persons with infiltrates the variation in 
the severity of past or present pulmonary illnesses. One-quarter of the group 
presented a history or symptoms that in all likelihood would have warranted a 
thorough chest examination in the absence of evidence supplied by the routine 
microfilm examination. The nature of the histories of the twenty-four students 
who fall in this group is shown in Table VI. 


= 


TABLE V. VARIATION IN SEVERITY OF PAST PULMONARY ILLNESSES AMONG STUDENTS WITH 


PULMONARY INFILTRATES 








DIAGNOSED ACTIVE 
TUBERCULOSIS 
DURING SURVEY 








TYPE OF HISTORY NUMBER PER CENT PERIOD 
History of serious illness 24 25.2 3 
History of equivocal severity 25 26.4 4 
Negative history 46 48.4 3 
Total ; 95 100.0 10 





It may also be seen in Table V that one-quarter of the group presented his- 
tories of illnesses of equivocal severity which may or may not have resulted in 
a complete evaluation of the chest in the absence of the evidence of the screening 
examination. One-half of the group presented no symptoms and no history 
suggesting chest disease, and, without a screening chest x-ray, it is unlikely that 
either medical aid would have been sought or a chest x-ray would have been 
recommended. 

In view of the fact that one-half of the patients with infiltrates detected 
no symptoms and that an additional one-fourth described symptoms of equivocal 


TABLE VI. NATURE OF THE PAST ILLNESSES AMONG THOSE PERSONS WITH PULMONARY 
INFILTRATES WHO PRESENTED HISTORIES OF SERIOUS PULMONARY ILLNESSES 
NUMBER OF 
PERSONS 








TYPE OF HISTORY 
Previously diagnosed active tuberculosis, 
subsequently considered arrested 13 
Observed for pulmonary lesion 7 
Bronchiectasis 2 
] 
1 








Previously diagnosed coccidioidomycosis 
Chronic ulcer of chest wall 
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severity, it seems reasonable to expect that approximately 50 to 75 per cent 
of the persons with pulmonary infiltrates would have gone unrecognized without 
the x-ray screening procedure. 

As shown in Table V, only three of the ten persons with active pulmonary 
tuberculosis described symptoms of a severity warranting investigation. Seven 
of the ten students might well not have had their tuberculosis detected before 
the development of symptoms. . 

The stage of activity of the ten patients with active tuberculosis was minimal 
in eight instances and moderately advanced in two instances. Hospitalization 
was arranged immediately after the diagnosis was established and confirmed in 
consultation with the Chest Clinie of the University of Chicago Clinics. 

Skeletal Abnormalities —There were twenty-five individuals with skeletal 
abnormalities. In Table VII it may be seen that the presence of most of the 


TABLE VII. SKELETAL ABNORMALITIES: VARIATIONS IN HISTORY OF ILLNESS AND GRADE OF 
FUNCTION 








| | HISTORY OF 
NUMBER ILLNESS (OR 





























| OF CONGENITAL GRADE* OF FURTHER 
DIAGNOSIS PERSONS DEFECT ) FUNCTION DESCRIPTION 
Scoliosis 13 Positive: 9 a4, 4,2, 1 congenital; 5 fol- 
2, 2, 2,2 lowing poliomyelitis 
3 idiopathic 
Equivocal: 2 1,4 2 idiopathic 
Negative: 2 1,1 2 idiopathic 
Rib abnormality 6 Positive: 2 1,3 Rib resection; old os- 
teomyelitis of rib 
Negative: 4 | Te Supernumerary ribs 
(2); rib cyst; rib 
fusion 
Funnel chest 2 Positive: 2 L,4 Without cardiac in- 
volvement 
Multiple congenital 2 Positive: 2 3,3 Osteochondrodys- 
deformities trophy; multiple 
congenital bone 
abnormalities 
“Hockey stick’’ E, Negative — 1 : a ; 
scapulae 
Fracture of clavicle 1 Positive l 
(old) 
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abnormalities was known to the patient before examination. Eighteen of the 
twenty-five persons knew of the deformity and related it to a previous illness or 
to a congenital defect. The seven individuals who were unaware of their ab- 
normalities had in no case any disability associated with it. These latter con- 
sisted of : two persons with scoliosis, two with supernumerary ribs, and one each 
with a rib cyst, a rib anomaly, and ‘‘hockey stick’’ scapulae. 
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Cardiac Abnormalities—Abnormal cardiac silhouettes were demonstrated 
in twenty-three students. The investigation employed in this group consisted 
of a history, physical examination, teleroentgenogram, an electrocardiogram, 
blood count, and sedimentation rate. The abnormalities detected were grouped 
according to the nature of the disease in the manner shown in Table VIII. 


TasLeE VIII. CARDIAC ABNORMALITIES: VARIATIONS IN HISTORY OF ILLNESS AND GRADE OF 




















FUNCTION 
ig HISTORY OF GRADE OF 
DIAGNOSIS NUMBER HEART DISEASE FUNCTION* 
Rheumatic heart dis- 7 Positive: 2 1,2 
ease Equivocal: 3 1,2 2 
Negative: 2 a 
Congenital heart dis- 7 Positive: 4 2,2,2,3 
ease * Equivocal: 0 
ie Negative: 3 i ee a 
Enlargement of heart 6 Positive: 0 
Equivocal: 0 
Negative: 6 fn ee trl a a 
Cardiac abnormality 3 Positive: 0 
in conjunction with Equivocal: 2 Fe 
funnel chest Negative: 1 1 





*American Heart Association system of classification® according to functional capacity : 
1, no limitation of physical activity; 2, slight limitation of physical activity; 3, marked 
limitation of physical activity; 4, unable to carry on any physical activity without discomfort. 

As may be seen in Table VIII, the abnormalities associated with rheumatic 
heart disease were found in seven persons and evidence of congeniial defects in 
an equal number. A much higher rate of rheumatic heart disease than of 
congenital defects is considered to prevail generally* and can be expected to hold 
among a population of student age. The unusually high rate of congenital de- 
fects that this survey encountered may be due to the fact that an x-ray examina- 
tion can be expected to detect only those cardiac abnormalities that alter the 
size, shape, or position of the heart. A larger proportion of congenitally de- 
fective hearts than of rheumatic hearts may display abnormalities of the size, 
shape. or position of the heart and, for this reason, may be detected more fre- 
quently on an x-ray. 

‘liu characteristic shadow which resulted in the detection of those with 
rheumatic heart disease consisted of an enlargement of the pulmonary conus and 
the left auricle as commonly seen with mitral stenosis and/or insufficiency. All 
of the seven persons in this category were found to have mitral valvular disease ; 
none, however, had aortic involvement. Two of the seven had no previous 
knowledge of the existence of heart disease and neither individual was ineapaci- 
tated (Grade 1).° 

The congenital defects, after clinical evaluation, were found to consist of 
the following: two persons with dextrocardia, and one each with a tetralogy of 
Fallot, an Kisenmenger complex, a dilatation of the pulmonary artery, an inter- 
ventricular septal defect, and an aneurysm in a branch of the pulmonary artery. 
This last defect was removed surgically, together with the surrounding lobe of 
lung tissue. Three of the seven individuals with congenital defects had no 
previous knowledge of the existence of their disezse and also were not incapaci- 
tated (Grade 1). 
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Six students were found to have enlarged hearts for which, on clinical 
evaluation, no cause could be found. The enlargement was generalized and 
represented, in all cases, an oversize of 25 per cent or more as determined by 
measurement of cardiac diameters in relation to body weight and height.‘ 
Further clinical examination revealed no further abnormality or history of 
cardiac disease. No enlargement of the heart associated with so-called athlete’s 
heart and with hypertensive cardiovascular disease was found. 

Three students were found to have cardiac abnormalities accompanying a 
funnel chest. The cardiac abnormality in each case consisted of nonspecific 
myocardial changes demonstrated in an electrocardiographic tracing. 

Miscellaneous Abnormalities.—Twenty-two students showed a variety of 
abnormalities which are enumerated in Table IX. 


TABLE IX. MISCELLANEOUS ABNORMALITIES 











“DIAGNOSIS | NUMBER | HISTORY OF DISEASE | GRADE OF FUNCTION® 
Pleural thickening 10 Positive: 2 All Grade 1] 
Equivocal: 5 
Negative: 3 





Shell fragment wound 2 Positive: 2 4 
Spontaneous pneumothorax 2 Positive: 2 2,2 
Disseminated calcification 2 Positive: ] ce | 


Equivocal: 1 


Elevated diaphragm ] Negative ul 

Foreign body 1 Positive 1 

Hilar mass ] Negative ] 

Emphysema 1 Positive 2 

Cardiac displacement follow- 1 Positive 3 
ing poliomyelitis 

Cardiophrenie mass 1 Negative ee ee 





*Function graded in the same manner as in Table VII. 


Ten, or almost half of this group, consisted of individuals with thickened 
pleura. Approximately one-half of them (three with negative histories; five, 
equivocal) related no history of a pleuritis. The shell fragment wounds were 
incurred during the war. In both cases of spontaneous pneumothorax, the 
patient had symptoms and the original miniature x-ray was employed for clinical 
investigation of the symptoms. Both persons with disseminated pulmonary 
-alcifications were reactors to histoplasmin, as others’? have reported, and did not 
react to tuberculin or coccidioidin., 

Among the remaining members of the miscellaneous group, two persons 
deserve comment. The patient with the hilar mass, though examined in detail, 
remained puzzling, and, by some radiologists’ interpretations, the shadow was 
considered of questionable importance. Earlier x-rays in 1946 revealed the same 
shadow unchanged; attempts to isolate tubercle bacilli and fungi have failed 
and skin tests with tuberculin and coccidioidin have been negative, while the 
histoplasmin test was positive. The patient had no symptoms during the period 
of observation. 
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The patient with the cardiophrenic mass has not been available for complete 
evaluation. The impression by 14 in. by 17 in. x-ray was that he had an in- 
ereased density of the left cardiophrenic angle resembling a pericardial fat 
pad or thickened pleura. 

Development of Pulmonary Tuberculosis During the Interval Between 
Annual X-ray Examination.—Tuberculous pulmonary infiltrates were not de- 
tected in two students until symptoms had developed. <A third student aeveloped 
a tuberculous infiltrate four months after a clear chest x-ray. The essential 
points of their histories are as follows. 





Fig. 1.—Patient H. P. (University of Chicago Clinics No. 425326). A, 70 mm. chest 
x-ray taken Jan. 9, 1947, was interpreted as normal. B, 70 mm. chest x-ray taken Feb. 9, 
1948, shows an infiltrate in the left upper lung field subsequently proved to be tuberculous. 


Patient H. P. (Albert Merritt Billings Hospital, No. 425326), a 21-year-old, 
single, white, male student, was asymptomatic in January, 1947, when he entered 
the University of Chicago. He had a clear chest x-ray (Fig. 1, 4) and showed 
no reaction to tuberculin (0.0001 mg. P.P.D.). Twelve months later he visited 
the Student Health Clinic complaining of an upper respiratory infection of 
several weeks’ duration, slightly productive cough, malaise, and a 10 pound 
weight loss over a period of several months. The tuberculin test was positive. 
Chest x-ray showed an infiltrate involving a large portion of the left upper lobe 
(Fig. 1, B). Sputum examinations showed Gaffky VIII and IX; a guinea pig 
inoculation showed tubercle bacilli. Examination of parents and close contacts 
revealed no active tuberculosis. 

Patient M. B. (A.M.B.H., No. 429721), a 24-year-old, single, white, male 
student, was without symptoms in November, 1947. His chest was clear by x-ray 
(Fig. 2, A) and he did not react to tuberculin (0.0001 mg. P.P.D.). Four 
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Fig. 2.—Patient M. B. (University of Chicago Clinics No. 429721). A, 70 mm. chest 
x-ray taken Nov. 11, 1947, was clear. B, 14 by 17 in. chest x-ray taken April 29. 1948, shows 
an infiltrate in the left upper lung field which was subsequently proved to be tuberculous. 





Fig. 3.—Patient C. B. (University of Chicago Clinics No. 419580). A, 70 mm. chest 


x-ray taken Sept. 29, 1947, was clear. B, 70 mm. chest x-ray taken Dec. 4, 1948, shows an 
infiltrate with cavitation in the right lower lung field subsequently proved to be tuberculous. 

months later he was re-examined (14 in. by 17 in. x-ray) in another division of 
the University of Chicago Clinics as a routine examination for individuals ex- 
posed to radioactive material. The latter x-ray showed an infiltrate in the left 
upper lobe that was considered probably tuberculous and of a moderately ad- 

















= 


€ 








—_ 











NATURE OF LESIONS ENCOUNTERED IN ROUTINE CHEST X-RAY 627 


vanced stage (Fig. 2, B). Sputum examination showed a:Gaffky II. Although 
he had sought no medical care, the patient reported subsequently that he had had 
a nonproductive cough and a 12 pound weight loss during a three-month period. 
Examination of contacts revealed no tuberculosis. 

Patient C. B. (A.M.B.H., No. 419580), a 15-year-old, single, colored, female 
student, was without symptoms when she entered the University in October, 
1947. Her chest was clear by x-ray (Fig. 3, A) and the tuberculin skin test was 
positive (0.0001 mg. P.P.D.). Fourteen months later she sought medical care 
because of a productive cough, malaise, and a 4 pound weight loss during the 
period «* a month. Chest x-ray showed an infiltrate involving the right lower 
lung field (Fig. 3, B). Sputum examinations showed Gaffky II on smear. 
Guinea pig inoculation showed tubercle bacilli. Examination of parents and 
contacts revealed no tuberculosis. , 

Results of Further Observation of Persons With Pulmonary Infiltrates.— 
Since the termination of the survey, June 1, 1948, eighty-two students with 
infiltrates, not proved active, have continued to be observed for varying periods. 
The approximate length of time of the follow-up is shown in Table X. 


TABLE X. DURATION OF OBSERVATION OF PERSONS WITH INFILTRATES 





“PER CENT OF 





NUMBER OF 











DURATION OF FOLLOW-UP PERSONS TOTAL INFILTRATES 
A. Infiltrates, etiology and activity unproved 

During survey period only ae 39.0 

6 mo. 10 10.5 
‘ : 12 mo. 10 10.5 
Survey period plus 4 79 om 10 10.5 

24 mo. 15 15.8 

Total, inactive infiltrates 82 





B. Infiltrates, proved active tuberculosis 
Follow-up before activity established 





6 mo. 4 
[re mo. 2 
Not longer than 18 mo. 4 
[2s mo. 
3 mo. 2 
Total, active tuberculosis 13 1 
Total infiltrates 95_ 100.0 





It may be seen in Table X, that, of the eighty-two students with presumably 
inactive disease, thirty-seven of them were followed until June, 1948, ten, until 
January, 1949, ten, until June, 1949, ten, until January, 1950, and the remaining 
fifteen were observed to the present time, May, 1950. 

It may also be seen in Table X, that, of the thirteen persons shown to have 
active tuberculosis, four were so diagnosed soon after their original examination. 
The remaining nine students did not show active disease until six to twenty-four 
months of observation after their infiltrate was detected. 

Certain features were encountered in the follow-up program which are 
enumerated in Table XI. Follow-up x-ray examination of two persons showed 
extension of their infiltrates. In one case of an apical infiltrate, the extension 











628 SLATTERY, BEADENKOPF, AND LOOSLI 


was considered questionable. In the second case, widespread pulmonary in- 
filtrates, miliary in character, increased progressively in prominence in a period 
of eighteen months of observation. 

Repeated x-rays of eight persons have shown a decrease in the size of their 
infiltrates. In one student an infiltrate in the left costophrenic angle was 
demonstrated to be unchanged in two x-ray films nine days apart and was absent 
in a third examination six weeks later. The student had no acute symptoms at 
the time of the detection of his infiltrate by survey x-ray. 


TABLE XI. CHANGES OBSERVED DURING FOLLOW-UP OF PATIENTS WITH INFILTRATES 
Wio WERE Not HOSPITALIZED 








NUMBER OF PERSONS 





Change in size of infiltrate by x-ray: Increase 2 
Decrease 8 
Disappearance ] 
Demonstration of tubercle or acid-fast bacilli: Guinea pig 3 
Dubos culture | 
Direct smear 2 
Skin test alterations: Tuberculin reversion ] 
Tuberculin conversion 3 
Coccidioidin reversion ] 
Histoplasmin reversion | 
Histoplasmin conversion ] 


It can be seen in Table XI that six persons with infiltrates who were not 
hospitalized showed bacteriologie evidence of tuberculosis. In three instances 
guinea pig inoculation showed tubercle bacilli; in two cases, direct smears showed 
acid-fast bacilli; and in one, Dubos broth culture showed acid-fast bacilli. These 
positive tests could not be repeated in any of the six cases, and, in the absence 
of other evidence of active disease, none was diagnosed as active tuberculosis. 
These were, of course, difficult decisions and they illustrate the extremely difficult 
situations that arise. Kach patient was evaluated with due caution and, in con- 
sultation with the Chest Clinic, the decision was made to continue close observa- 
tion of the patient and not to consider the disease active. 

Tuberculin sensitivity was lost in one student who had reacted previously 
with 0.7 em. of induration. This student was also a doubtful coecidioidin re- 
actor who had been diagnosed in the Army (1945) as having coccidioidomycosis. 
Tuberculin sensitivity was developed by three individuals of the original thirty- 
three nonreactors to tuberculin. Such a rate of conversion is similar to the 
annual conversion rate of 5 to 10 per cent which has been found to occur in this 
general student population.® 

Coccidioidin sensitivity of 10 mm. induration disappeared in one student 
who reacted repeatedly (four times) to histoplasmin. Histoplasmin sensitivity 
of 10 mm. induration was lost in one student who reacted twice to tuberculin. 
No explanation can be offered for these losses in sensitivity. A small portion of 
approximately 3 per cent of a group retested annually has been found to lose 
sensitivity in this student population.*® 
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DISCUSSION 


During both the survey period and the subsequent follow-up period, a total 
of thirteen individuals was found to have tuberculous pulmonary infiltrates. 
Among 10,598 students, this represents a rate of active tuberculosis of 0.12 per 
cent. The over-all rate of abnormal microfilms (3.3 per cent) is very similar to 
the rate of 3.6 per cent found among the general population of Georgia by Burke 
and co-workers® and the rate of 3.4 per cent found in Minneapolis by Roemmich 
and associates.?° 

The efficacy of miniature chest x-rays in detecting pulmonary infiltrates has 
been demonstrated amply by many observers. The large proportion (50 per 
cent) of persons with infiltrates without any previous knowledge of their ex- 
istence serves to emphasize further the importance of screening x-rays in deteet- 
ing chest disease. Hmphasis is also given to the necessity of evaluating by every 
means at hand the etiology of the infiltrate detected. Twenty-nine students with 
infiltrates (80 per cent) did not react to tuberculin and, therefore, it was es- 
sential to look elsewhere for an etiological agent. 

Of the sixty-six tuberculin reactors who had infiltrates, thirteen were con- 
sidered to be active, while the remaining fifty-three students have been re-ex- 
amined at intervals and have continued with their University activities. A con- 
servative tendeney in placing individuals in the class of active tuberculosis has 
allowed an appreciable number of students to continue their work without 
apparent harm. 

Approximately 40 per cent of the chest abnormalities detected in the survey 
were not pulmonary infiltrates. The seventy persons with skeletal, cardiac, and 
miscellaneous abnormalities making up this group substantiate the necessity for 
evaluating with care any type of abnormality detected in a survey chest film. 

The results of the examination of skeletal abnormalities brought forth no 
vases of undetected disease actively producing symptoms. 

The discovery of heart abnormalities, previously undetected, was most 
fruitful in the groups consisting of congenital defects and cardiac enlargement. 
One student with a previously undetected congenital defect was able to have the 
abnormality repaired. However, the cardiae enlargement of six persons re- 
mained puzzling in nature, and no corrective program was devised. 

The miscellaneous abnormalities did not include many previously un- 
detected lesions of a serious type. The absence of any benign or malignant tumor 
in the chest films of the entire study population was unexpected.* The ques- 
tionable status of the hilar mass and the eardiophrenic mass remains. 

The development of three cases of active pulmonary tuberculosis within 
peroids of four, twelve, and fourteen months demonstrates the limits in efficacy 
of a periodie re-examination at approximately annual intervals. The environ- 
ments of these students were not found to be unusual; no pulmonary infiltrate 
or other definite source of tuberculous infection was found among their contacts. 


*During a four-month period immediately prior to the eighteen-month period of this 
study, three persons with tumors were found: a substernal thyroid which showed, after re- 
section, carcinoma of the thyroid; a leiomyoma of the esophagus and a pericardial cyst, both 
of which were resected. 
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In addition, there has since been found no pulmonary infiltrate among ihe 
immediate contacts of these open cases that could be attributed to the patients 
acting as sources. 

SUMMARY 

In a chest x-ray survey of 10,598 University students carried out during 
1947-1948, 3.3 per cent were found to have abnormalities requiring clinical 
investigation. Approximately one-half of these abnormalities, however, were 
found not to exist on 14 in. by 17 in. films. The abnormalities of the remaining 
half consisted of : 

(a) Pulmonary infiltrates: 14 per cent of which were found to be active 
tuberculous lesions; 30 per cent of which, though the etiology was not demon- 
strated, were found to be nontuberculous on the basis of insensitivity of the 
patient to tuberculin; the remaining 56 per cent, etiology not demonstrated, 
could potentially be found in later examinations to be tuberculous on the basis 
of sensitivity of the patient to tuberculin. 

One-half of the persons with infiltrates had no knowledge of the existence of 
their disease. The detection of the lesions in this group alone amply reaffirms 
the value of routine x-raying of the chest. 

(b) Skeletal abnormalities: the finding of previously undetected abnormali- 
ties of potential harm was limited to two patients with supernumerary ribs and 
one with a rib eyst. 

(c) Cardiae abnormalities: previously undetected abnormalities consisted 
of congenital defects and cardiae enlargement of unknown cause. 

(d) Miscellaneous abnormalities: previously undetected abnormalities con- 
sisted of a hilar mass and a ecardiophrenic mass, neither of which has been 
identified. 


A chest x-ray provides a means of detecting a wide variety of unsuspected 
chest abnormalities and should be included routinely in every general medical 
examination. 


We are indebted to Dr. Robert G. Bloch, Professor of Medicine, and Dr. Robert H. 
Ebert, Assistant Professor of Medicine, whose advice and consultative assistance were 
graciously given throughout this study. We are also indebted to Sharp & Dohme, Inc., 
Philadelphia, Pa., for the tuberculin; to Dr. Charles H, Smith, University of California 
School of Medicine, Berkeley, Calif., for the coccidioidin; and to Dr. Amos Christie and Dr. 
J. C. Peterson, Vanderbilt University, Nashville, Tenn., for the histoplasmin. 

> 
REFERENCES 

1, Beadenkopf, W. G., Loosli, C. G., Lack, H., Rice, F. A., and Slattery, R. V.: Tuberculin, 
Coecidioidin, and Histoplasmin Sensitivity in Relation to Pulmonary Calcifications. 
A Survey Among 6,000 Students at the University of Chicago, Pub. Health Rep. 64: 
17, 1949. 

2. Birkelo, C. C., Chamberlain, W. E., Phelps, P. S., Schools, P. E., Zacks, D., and 
Yerushalmy, J.: Tuberculosis Case Finding. A Comparison of the Effectiveness of 
Various Roentgenographic and Photofluorographic Methods, J. A. M. A, 133: 309, 
1947. 

3. Hilleboe, H. E., and Holm, J.: Guide for Disposition of Persons With Abnormal Pul- 
monary Findings on X-ray Films, Pub. Health Rep. 61° 1759, 1946. 





NATURE OF LESIONS ENCOUNTERED IN ROUTINE CHEST X-RAY 631 


4, White, P. D.: Heart Disease, ed. 3, New York, 1944, The Macmillan Company, pp. 260 
and 261. 

5. Criteria Committee of The New York Heart Association: Nomenclature and Criteria for 
Diagnosis of Diseases of the Heart, ed. 4, New York, 1939, J. J. Little and Ives 
Company, p. 72. 

3. Meyer, R. R.: Heart Measurement. A Simplified Method, Radiology 52: 691, 1949. 

7. High, R. H., Zwerling, H. B., and Furecolow, M. L.: Disseminated Pulmonary Calcification. 
A. Report of 113 Cases, Pub, Health Rep. 62: 20, 1947. 

seadenkopf, W. G.: Unpublished data. 

#. Burke, M. H., Schenck, H. C., and Thrash, J. A.: Tuberculosis Studies in Muscogee 
County, Georgia. II. X-ray Findings in a Community-wide Survey and Its Coverage 
as Determined by a Population Census, Pub. Health Rep. 64: 263, 1949. 

. Roemmich, W., Weber, F. J., Hill, F. J., and Amos, L.: Preliminary Report on a Com- 
munity Chest X-ray Survey at Minneapolis, Minnesota, Pub. Health Rep. 63: 1285, 
1948, 











EFFECT OF FOOD AND ANTACIDS ON BLOOD LEVELS OF 
AUREOMYCIN AND TERRAMYCIN 


JEAN C. Micne., M.D., Ropert J. Sayer, M.D., anp WiLuiAM M. M. Kirsy, M.D. 
SEATTLE, WASH. 


aceite Amphojel has been successfully employed to counteract the 
nausea and vomiting which may occur with aureomycin therapy, it has 
heen found that the simultaneous administration of Amphojel and aureomycin 
causes a marked depression in serum levels of this antibiotic." ? 

Nausea and vomiting remain a problem with aureomycin and also occur 
with terramycin. It seemed of interest, therefore, to further investigate the 
effects of Amphojel and other antacid gel compounds, and also of food, on the 
toxicity and serum levels of these two antibiotics. 

The purpose of this report is to present comparative data obtained when 
food, Amphojel, Basaljel, or Phosphaljel were administered with therapeutic 
amounts of aureomycin and terramycin.* 


MATERIALS AND METHODS 

Five adults were given 1 Gm. of terramycin on an empty stomach each morning for 
two days; on the two succeeding mornings they again received 1 Gm. of terramycin and, in 
addition, 30 ¢.c. of one of the aluminum gel compounds, or a full breakfast. With aureo- 
mycin, subjects received the drug on an empty stomach on the first and third days, and 
with food or an antacid on the second and fourth days. In all instances blood samples 
were drawn for assay three hours after ingestion of the antibiotic. 

Blood levels of aureomycin and terramycin were estimated by employing a modifica- 
tion of the method described by Dornbush and Peleak3 for aureomycin assay. 


RESULTS 
With both terramycin and aureomycin the ingestion of food simultaneously 


with the antibiotic exerted no appreciable effect on serum levels obtained three 
hours later. (Table I.) 


























TABLE I. Errrct or Foop INGESTION ON SERUM LEVELS (ug/C.C.) 
nn AURFOMYCIN  ———s | —~——SSPERRAMYCIN we 
DAYS 2 3 4 5 2 3 an 
"FOOD i. ae - + - - 4 + 
Subject 1 3.2 1.6 0.8 0.8 0.8 5 2.5 2.5 a 
2 0.2 0.8 0.8 0.4 0.4 5 5 5) 2.9 
3 0.4 0.8 0.4 0.8 0.8 5 10 10 20 
4 6.4 6. 12.8 6.4 6.4 5 10 10 10 
5 3.2 3.2 6.4 1.6 3.2 2.5 2.5 1.2 12 


From the Department of Medicine, University of Washington School of Medicine, and 
the King County Hospital. 

Received for publication, June 28, 1950. 

*We are indebted to Dr. Edward F. Roberts of Wyeth Incorporated for the antacid gel 
compounds used in this study, to Dr. J. M. Ruegsegger of the Lederle Laboratories for the 
aureomycin, and to Dr. Gladys L. Hobby of Chas. Pfizer & Co., Inc., for the terramycin. 
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Administration of each of the three aluminum gel compounds caused a 
marked depression in terramycin serum levels. With aureomycin, the lowering 
of serum levels by Amphojel was confirmed, and Basaljel and Phosphaljel 
caused a similar serum level depression, although the results with Phosphaljel 
were less consistent. Representative results with each antacid in twelve indi- 
viduals are shown in Table II. 


TABLE II. SERUM LEVELS (ug/C.c.) OBSERVED WHEN 30 ¢.c. OF ANTACID WERE 
‘ADMINISTERED WITH 1 GM. OF ANTIBIOTIC 








‘ERRAM YCIN 
+ 
0.6 
1.2 
1.2 


AUREOMYCIN 





AMPHOJEL ee 3 + 
Subject 1 3.2 6.4 3.2 
2 é 0.8 6.4 1.6 





Noro 


) 


3 1.6 6.4 1.6 
+ 3.2 0.8 0.12 
BASALJEL f = + + 
Subject 1 6 0.4 1.6 3.2 . 1.2 
2 ; 0.05 1.6 0.4 2. ‘ 0.06 
3 3.2 1.6 ; 1.6 <f f 0.6 
4 3. 0.8 J 0.4 i é 0.06 1 
PHOSPHALJEL + - + = ~ + + 
Subject 1 3. 0.04 at 0.8 ? 5 0.25 0.6 
2 


porch 


on 














: 6.4 : 3.2 0 0.12 0.12 
3 3 3.2 - 3.2 ‘ 5 2.5 0.6 
£ 3.2 1.6 : 1.6 10 5 2.5 





A similar effect also was noted in four patients who received 1 Gm. of terra- 
mycin and 30 ¢.c. of Amphojel every six hours. The depression in serum levels 
observed was of the same magnitude as recorded with single daily 1 Gm. doses. 
In one instance, the decrease in terramycin absorption was probably great 
enough to prevent a satisfactory bacteriologic response in a patient with an un- 
complicated Escherichia coli eystitis. 

Effect of Three Antacids in Vitro—Two solutions, one of aureomycin and 
one of terramycin, each containing 400 pg per cubic centimeter, were mixed and 
shaken for five minutes with equal amounts of Amphojel, Basaljel, or Phosphal- 
jel. After centrifuging this mixture and assaying the supernatants, a marked 


TABLE III. Errect oN SERUM LEVELS oF THREE ANTACID GELS IN VITRO 








AUREOMYCIN 





Concentration of aureomycin before 
addition of equal amounts of antacid: 400 pe/c.c. 
Concentration of supernatants after 
addition of equal amounts of: 
Amphojel 25 wg /c.c. 
Basal jel 50 pg/e.c. 
Phosphaljel 25 pe/e.e. 
TERRAMYCIN 








Concentration of terramycin before 
addition of equal amounts of antacid: 400 pg/c.e. 
Concentration of supernatants after 
addition of equal amounts of: 
Amphojel 1.6 wg /e.e. 
Basaljel 3.2 pe/e.c. 
Phosphaljel 1.6 ug/e.e. 
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decrease in antibiotic content, which was more pronounced with terramycin 
than with aureomycin, was demonstrated. (Table III.) It was also interesting 
to observe that the sediments assumed the yellow color of either aureomycin or 
terramycin. 
DISCUSSION 

These results clearly indicate that when Amphojel, Basaljel, or Phosphaljel 
is given with aureomycin or terramycin, a lowered serum level of the antibiotic 
is obtained. When food is given with these antibiotics, however, there is no 
demonstrable influence on serum levels. <A possible explanation of these findings 
as suggested by Boger and co-workers is that the colloidal particles of the 
aluminum gel compounds may either absorb the antibiotic and thus leave less 
free drug available for intestinal absorption, or that they may combine with the 
antibiotics chemically and thus alter their action. Lowering the serum levels 
of these drugs may render them therapeutically ineffective, and, therefore, these 
gel compounds should not be administered simultaneously with aureomycin and 
terramycin. On the basis of the present evidence, it would appear more ap- 
propriate to administer these antibiotics simultaneously with food in an attempt 
to diminish nausea and vomiting. 


SUMMARY 


The effect of three aluminum gel compounds, Amphojel, Basaljel, and 
Phosphaljel, and also of food on terramycin and aureomycin serum levels was 
studied. Simultaneous ingestion of any of the antacids with either antibiotic 
caused a marked decrease in blood levels. Simultaneous ingestion of food caused 
no significant alteration in blood levels and would appear to be a more ap- 
propriate method of diminishing nausea and vomiting. 

We are indebted to Miss Frances Hardow and Miss Betty O’Leary for their technical 
assistance. 
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THE OCCURRENCE OF FALSE POSITIVE TESTS FOR ALBUMIN AND 
tLUCOSE IN THE URINE DURING THE COURSE OF MASSIVE 
PENICILLIN THERAPY 


Rospert L. WHIPPLE, JR., M.D., AND WALTER L. Bioom, M.D. 
ATLANTA, GA. 


URING the course of massive penicillin therapy (86 million units—average 
daily dose) for twenty-eight days, in the treatment of a patient with a 
very resistant Streptococcus viridans endocarditis, positive tests for albumin and 
reducing substances in the urine were observed.! The constant occurrence of 
these tests for albumin suggested that either albuminuria from renal irritation 
was occurring or that these reportedly positive tests might be false positive. The 
appearance of reducing substances in the urine also suggested that this might be 
a false positive test and not represent glucose, nor any fermentable substance. 
Since massive doses of penicillin are rapidly cleared from the blood stream and 
excreted in the urine,! it seemed likely that the positive tests were due to peni- 
cillin or its degradation products occurring in high concentrations in the urine. 
The purpose of this study was to determine whether protein and glucose 
were appearing in the urine during the massive penicillin therapy, or whether 
penicillin itself can give false positive reactions for protein and glucose. 


MATERIAL AND METHOD 


Two patients received massive doses of penicillin intravenously. ‘The first patient 
was a 32-year-old woman, weighing 55 kilograms, with inactive rheumatic valvulitis, She 
had been treated previously successfully for subacute bacterial endocarditis with massive 
doses of penicillin.t The second patient was a 21-year-old man, weighing 60 kilograms, 
who had gonococeal tenosynovitis and chronic prostatitis. Both patients had normal renal 
function by the usual tests (NPN., P.S.P., specific gravity, microscopic and chemical uri- 
nalysis). The urine samples in the female patient were collected as clean voided specimens, 
and in the male, as voided specimens. The patients had fluids ad libitum and were given a 
general hospital diet. 

The first patient was given 20 million units of crystalline penicillin G potassium* in 
250 ml. of 5 per cent glucose to which were added 2 ml. of 2 per cent novocain. This was 
given as an intravenous infusion in a ten-minute period, and the dose was repeated every 
six hours for twenty-four hours. The second patient was given 20 million units of crystal- 
iine penicillin G sodiumt in 250 ml. of normal saline to which were added 2 ml. of 2 per 
cent novocain. This was given in the same manner and at the same time intervals as in 
the first study. 

The study was divided into a twenty-four hour preinfusion period, a twenty-four hour 
infusion period, and a twenty-four hour postinfusion period (Figs. 1 and 2). 

Qualitative tests for albumin (Robert’s,2 Exton’s sulfosalicylic acid,? and Heller’s*) 
and reducing substances (Benedict’s test4) were done on the urine during these periods. 
Urine analyses were done thirty minutes after the first infusion. After the last infusion, 
hourly specimens were collected over a six-hour period and qualitatively tested for albumin 
and reducing substances. 





From the Medical Service, Emory University Hospital, Grady Memorial Hospital, and 
the Department of Medicine, Emory University School of Medicine. 

Received for publication, June 30, 1950. 

*This preparation had no impurities associated with the penicillin G; however, 4.5 per 
cent sodium citrate had been added as a buffering agent. It assayed 1,570 units per milligram. 
Bristol Laboratories Inc., Syracuse, N. Y 

?This preparation had a penicillin G content of 91.3 per cent, penicillin content 94.1 
per cent, and 4.5 per cent sodium citrate added as a buffering agent. It assayed 1,571 units per 
milligram, Heyden Chemical Corporation, New York, N. Y. 
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Quantitative tests for nonprotein nitrogen and total nitrogen were done by the micro- 
Kjeldahl method on the twenty-four hour urine samples. 

Quantitative tests for reducing substances’ and fermentable reducing substances®, 7 
were determined on those urines showing the maximum reduction by qualitative test. 

Dialysis through a cellophane membrane was studied on those urines showing a maxi- 
mum qualitative protein test. A study of the isoelectric point of the precipitable sub- 
stances was done on the same urines by titrating with hydrochloric acid and determining 
the pH by glass electrode. The isoelectric point was also determined on distilled water 
solutions of penicillin. 
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Fig. 1.—Vreinfusion, infusion, and postinfusion periods of first patient. At each arrow 
20 million units of crystalline penicillin G potassium in 250 ml. of 5 per cent glucose in dis- 
tilled water were given intravenously in a ten-minute period. The figure shows the occur- 
rence of false positive tests (Robert’s, Exton’s, Heller’s) for albumin during the infusion 
period as demonstrated by no significant difference in the nonprotein nitrogen fraction and 
the total nitrogen in the urine. 


Qualitative tests for albumin2, % and reducing substances were done on distilled water 
solutions of known penicillin concentrations, 

Biologic assays* for penicillin were determined on the urine of the second patient. 
Ten milliliters of urine for this determination were collected one half hour, two and a half 
hours, and four and a half hours after the last infusion of penicillin. 


RESULTS 


The study in the first patient (Fig. 1) demonstrates that the qualitative 
tests for albumin became strongly positive thirty minutes following the initial 
infusion. The intensity of the tests for albumin gradually decreased follow- 
ing the last infusion. The quantitative studies demonstrate that these are 
false positive tests since no protein is present in the urine. The study in the 
second patient (Fig. 2) confirms this observation. 


TaBLE I, ISOELECTRIC PRECIPITATION AND DIALYSIS OF URINE COLLECTED FOR ONE Hour AFTER 
LAST INFUSION OF PENICILLIN 


PRECIPITATE FORMATION 

















BEGINS | COMPLETE | AFTER DIALYSIS __ 
Patient I pH 3.5 pH 3.0 No precipitate 
Patient IT pH 3.5 pH 3.0 No precipitate 
Pure penicillin in water pH 3.5 pH 2.9 No precipitate __ 





*Dr. William P. Boger, Hospital of the University of Pennsylvania, Philadelphia, Pa., 
determined the biologic assays for penicillin. 
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Dialysis studies (Table I) indicate that the substance, producing the tests 
for albumin, is completely dialyzable in twenty-four hours. The isoelectric 
precipitation (Table I) of this urine substance is shown to occur at pH 3.5 
and to be complete at pH 3.0. This isoelectric precipitation is shown to agree 
with that of a pure solution of penicillin in distilled water. 
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Fig. 2.—Preinfusion, infusion, and postinfusion periods of second patient. At each arrow 
20 million units of crystalline penicillin G sodium in 250 ml. of normal saline in distilled water 
were given intravenously in a ten-minute period. The figure shows the occurrence of false 
positive tests (Robert’s, Exton’s, Heller’s) for albumin during the infusion period and as demon- 
—— by no significant difference in the nonprotein nitrogen fraction and the total nitrogen in 
e urine. 


To study further the concentrations of penicillin at which false positive 
tests for albumin might occur, known amounts of pure penicillin were added 
to distilled water and the tests repeated. It was found that positive tests could 
be obtained when the penicillin concentrations were 9,000 units per milliliter 


(Table IT). 


TABLE II. Tests ror ALBUMIN (QUALITATIVE) 








| | : | PURDY’S HEAT 





ROBERT’S HELLER’S _EXTON’S | ACETIC 
8,000 units/ml. eee 0 ie rae, 
9,000 units/ml. ee +* es pom 
10,000 units/ml. i + 4 p=4 





a on precipitate disappeared immediately, probably because of hydrolysis in strong 
itric acid. 


The precipitate formed on cooling and was diffuse throughout the solution. 


Maximum concentration of reducing substances also appeared in the 
urines immediately following infusion of penicillin (Table III). It is clear 
that this reduction is not due to a fermentable substance, and, consequently, 
is a false positive test. 

Benedict’s test was carried out on known concentrations of penicillin in 
distilled water, and it was found that approximately 200 units of penicillin per 
milliliter of Benedict’s solution would produce a clear emerald green color. 
Twenty-three thousand units of penicillin per milliliter of Benedict's solution 
produced complete reduction. 
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Penicillin assays on the urines collected at one half hour, two and a half 
hours, and four and a half hours had a concentration of approximately 50,000 
units per milliliter, 7,000 units per milliliter, and 600 units per milliliter re- 
spectively. 


TABLE III. RepuciInG CApAcity OF URINE* COLLECTED FOR ONE Hour AFTER 
Last INFUSION OF PENICILLIN 


| UNTREATED URINE | AFTER FERMENTATION 











Patient 1 _ 1000 mg.% 830 mg.% ’ 
Patient II 521 mg.% 416 mg.% 


*All determinations were done by Nelson method on Folin-Wu filtrates. 





DISCUSSION 


It has been demonstrated that patients receiving massive doses of peni- 
cillin may have false positive tests for urine albumin by several methods. The 
substance causing these reactions appears in the nonprotein nitrogen fraction 
of the urine, and therefore does not represent protein. This is further sub- 
stantiated by the dialysis studies. The substance excreted in the urine reacts 
like penicillin in respect to isoelectric precipitation and dialysis. Penicillin in 
high concentration in distilled water will produce false positive tests for albu- 
min similar to those observed in the two patients studied. Several of the tests, 
Robert’s, Exton’s, and Heller’s, gave positive results which can be confused 
with urine protein; however, Purdy’s test does not give a typical reaction. In 
the latter test, the precipitate appears as the solution cools and tends to be 
more dense in the lower half of the solution. If the clinician is dependent upon 
one test for albumin under these circumstances, the Purdy heat and acetic acid 
test offers less chance of confusion. 

The first patient (Fig. 1) demonstrated the false positive tests for albumin 
over a longer period of time than the second patient (Fig. 2). Also, in the first 
patient, the intensity of the reaction was greater after the last infusion period. 
The second patient, in four hours, had a urine volume of 888.5 ml., whereas the 
first patient, in the same period, had a urine volume of 454 milliliters. It seems 
reasonable to assume that the concentration of the substance appearing in the 
urine, because of the smaller volume, was greater in the first patient and accounts 
for the different results. This is further confirmed by the fact that the concen- 
tration of reducing substances was greater on the same specimens in the first 
patient (Table IIT). 

The maximum reducing capacity of the urine of these patients paralleled 
the maximum qualitative tests for albumin and was greatest in the thirty-minute 
period following the infusion. This reduction was not due to any fermentable 
substance. Free aldehyde groups are made available under conditions which 
produce a degradation of penicillin.* Penicillin of known high concentrations in 
distilled water was demonstrated to produce a reduction of Benedict’s solution. 


In 1945, Perlstein and co-workers® observed the occurrence of false posl- 


tive tests for albumin in rabbit urine following the administration of 200 units 
of penicillin per gram of body weight. The penicillin used by them had an 
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assay of only 300 to 500 units per milligram. Their conclusions were that these 
false positive tests were due to penicillin or its impurities, but they failed to 
exclude the possible simultaneous occurrence of proteinuria. The penicillin 
given to the first patient in this study was free of any impurities, and in the 
second patient, minimal impurities were present. The first and second pa- 
tient received with each intravenous infusion approximately 363 units and 333 
units per gram of body weight respectively. Dowling’? has observed various 
positive tests for albumin in patients receiving 40 to 80 million units of peni- 
cillin a day. The usual dosages of penicillin in patients do not result in fhe 
occurrence of false positive tests for albumin and reducing substances in the 
urine. When these findings do occur, penicillin is present in extremely high 
concentrations in the urine, and they do not represent any evidence of renal 
damage or glycosuria. It appears from these studies that the substance or sub- 
stances producing these false positive tests is penicillin or its degradation 
products. 
CONCLUSIONS 


alse positive tests for albumin and glucose have been shown to oceur in 
the urine of patients receiving massive doses of penicillin. 

When these findings occur, penicillin is present in the urine in extremely 
high concentrations, and they do not represent renal damage or elycosuria. 

It appears from these studies that the substance producing the false posi- 
tive tests for albumin and glucose is penicillin. 

We wish to thank Miss Vicky Alexander, Miss Lillian Winship, and Miss Ocie Respess for 
their technical assistance. 

We wish to thank Dr. William P. Boger for his help and for suggesting the importance 
of studying the reducing substances, 
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TYROSINE METABOLISM IN INFANTILE SCURVY 


CaLvin W. Wooprurr, M.D.* 
NASHVILLE, TENN. 

HE ingestion of large amounts of aromatic amino acids included in diets 

practically devoid of ascorbic acid results in the urinary exeretion of 
several intermediary metabolites of these substances in guinea pigs,’ * * pre- 
mature infants,’ scorbutic infants,? and scorbutie adults. This abnormal ex- 
cretion is erased by ascorbic acid. Pteroylglutamic acid (folic acid, PGA) 
in large doses has a similar effect in the guinea pig* but a variable one in the 
premature infant.’ The recent studies of Morris, Harpur, and Goldbloom® 
have shown that PGA may prevent the development of hydroxyphenyluria in 
scorbutic infants. Prior to the appearance of the latter report, we had found 
that smaller doses of PGA were ineffective in erasing the defect in infantile 
scurvy. 

MATERIALS AND METHODS 

The patients were fed a diet of evaporated milk, sugar, and water which had been 
subjected to terminal sterilization and which has been found to be devoid of ascorbic acid 
by chemical analysis. Tyrosine suspensions were administered by gavage just before feed- 
ings in doses approximating 1.0 or 2.0 Gm. per kilogram per day throughout the duration 
of the experimental periods. Serum ascorbic acid determinations were made by the method 
of Lowry, Lopez, and Bessey,’ and the saturation test of Kajdi, Light, and Kajdi9 was 
employed at the beginning of ascorbic acid treatment. Urine collections were made over 
twelve or twenty-four hour periods into bottles containing sufticient hydrochlorie acid to 
maintain acidity. The specimens were stored in the cold until analyzed. Hydroxypheny] 
was determined by the method of Folin and Ciocalteau!® adapted for use with the Evelyn 
photoelectric colorimeter. Results are expressed as the per cent of the added tyrosine 
administered during the metabolic period. The patients ranged in age from 7 to 1] months 
and all had clinical and radiologie scurvy as well as a history of diets deficient in vitamin C. 


RESULTS 

The first patient (ig. 1) received approximately 1.0 Gm. of tyrosine per 
kilogram. Her blood serum contained no detectable ascorbie acid. She de- 
veloped a significant hydroxyphenyluria on the sixth day despite the adminis- 
tration of 10 mg. of PGA intramuscularly on the fourth, fifth, and sixth days. 
The apparent response to the administration of 10 pg of vitamin B,, daily is 
probably spurious as it occurred simultaneously with radiologic evidence of 
healing and the appearance of detectable ascorbic acid in the serum (0.07 mg. 
per 100 ml.). It is suspected that the patient inadvertantly received some 
ascorbic acid on the sixth or seventh day. The saturation test on the twelfth 
day was: fasting serum ascorbic acid, 0.0 mg. per 100 ml.; 1.0 mg. per 100 ml. 


From the Division of Nutrition and the Department of Pediatrics, Vanderbilt Uni- 
versity School of Medicine. 

This investigation was supported by grants from the National Vitamin Foundation, the 
Nutrition Foundation, and the International Health Division of The Rockefeller Foundation. 

Received for publication, July 3, 1950. 

*Public Health Service Research Fellow of the National Institutes of Health. 
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Fig. 1.—Hydroxyphenyluria in a tyrosine-fed scorbutic infant. Note the lack of re- 
sponse to 10 mg. of PGA daily. This patient received approximately 1.0 Gm. of tyrosine per 
kilogram of body weight. The scale for “tyrosyl” excretion is twice that used in the follow- 
ing figures. 
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Fig, 2.—Hydroxyphenyluria in a tyrosine-fed scorbutic infant. Note the similarity of the 
response to that illustrated in Fig. 1. Ascorbic acid therapy was begun on the sixth day. 
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at four hours. This is consistent with the impression that the patient received 
ascorbic acid. A further decrease in the hydroxyphenyluria ensued following 
the addition of vitamin C to the diet. 

The second patient was also fed 1.0 Gm. of tyrosine per kilogram and 
showed a similar picture (Fig. 2). PGA again had no apparent effect on the 
hydroxyphenyluria which was abolished by therapy with ascorbic acid on the 
sixth day. It did not seem advisable clinically to withhold ascorbie acid for a 
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Fig. 3.—Hydroxyphenyluria in a tyrosine-fed scorbutic infant. The administration of 
2.0 Gm. of tyrosine per kilogram was followed by the earlier appearance of hydroxyphenyluria 
which was not influenced by the injection of 15 mg. of PGA daily. Note the rapid effects 
of ascorbic acid. 

Fig. 4.—Hydroxyphenol excretion in severe scurvy. The administration of ascorbic acid 
was instituted forty-eight hours before a response was noted. 
longer period in this infant. The saturation test performed at the onset of 
therapy showed a fasting serum ascorbic acid concentration of 0.0 mg. per 
100 ml. and a rise to 0.6 mg. per 100 ml. at four hours, a value considerably 
higher than the upper limit of 0.2 mg. per 100 ml. found by Kajdi, Light, and 
Kajdi® in their scorbutie patients. Since 1.0 Gm. of tyrosine per kilogram did 
not produce a pronounced hydroxyphenyluria in less than six days, larger 
amounts were given to the subsequent patients. 

The third patient (Fig. 3) was given 2.0 Gm. of tyrosine per kilogram of 
body weight. She developed a significant hydroxyphenyluria on the third 
day. This persisted in spite of the intramuscular administration of 15 mg. ol 
PGA daily. The fasting serum ascorbie acid concentration was 0.0 mg. per 
100 ml. on admission to the hospital and rose to 0.3 mg. per 100 ml. at four 
hours when the saturation test was performed on the fifth day. During a 
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twenty-four hour period, 800 mg. of ascorbic acid were given and the urine was 
collected for eight-hour periods to show the rapid diminution in the excretion 
of tyrosine metabolites following vitamin C administration. 

The next patient also received the larger amount of tyrosine. He had very 
severe scurvy of about two months’ duration and suppurative otitis media. 
The hydroxyphenyluria appeared in twenty-four hours (Fig. 4) and did not 
subside immediately following the test dose of 200 mg. of ascorbic acid given 
intramuscularly. The four-hour serum concentration was less than 0.1 mg. 
per 100 milliliters. It was not feasible to give PGA to this severely ill patient. 
The hydroxyphenyluria diminished following the administration of 1.0 Gm. 
of ascorbie acid in forty-eight hours. 

One other infant was studied. He had had pseudoparalysis for one month. 
The day before he was admitted to the hospital he was given “some” orange 
juice. On admission he exhibited the classical clinical picture of scurvy con- 
firmed by typical radiologic findings. The presence of 0.3 mg. of ascorbie acid 
per 100 ml. of serum followed by noticeable clinical improvement during the 
next three days confirmed the history. Roentgen examination at the end of 
the metabolic period was compatible with healing scurvy. A saturation test 
performed at this time resulted in an increase in the concentration of vitamin 
C in the serum from 0.1 mg. per 100 ml. to 0.8 mg. per 100 ml. at four hours. 
During the six days that the patient was fed 2.0 Gm. of tyrosine per kilogram 
and the vitamin C free diet, the excretion of hydroxyphenyl compounds did 
not rise above 1.8 per cent of the amount ingested. It is obvious that enough 
ascorbic acid was ingested before hospitalization to prevent the hydroxy- 
phenyluria seen in the other patients studied. 


DISCUSSION 


PGA has been found to abolish the hydroxyphenyluria in the guinea pig 
and in about half of the premature infants studied.’ In the guinea pig, intra- 
muscular doses of about 20 mg. per kilogram per day were constantly effee- 
tive,’ and a definite but suboptimal effect was seen when a dose of only 4 mg. 
per kilogram per day was used.’! Oral administration was approximately 
one-third as effective as parenteral. The premature infants studied by Govan 
and Gordan’ received between 3 and 9 mg. of PGA per kilogram per day by 
both routes. Morris, Harpur, and Goldbloom® have reported that a single in- 
tramuscular dose of 5.7 mg. of PGA per kilogram was ineffective in abolishing 
the abnormal excretion, but that 45 mg. twice daily, equivalent to 13.7 mg. per 
kilogram per day, prevented the appearance of hydroxyphenyluria in one 
patient. Three patients in the present study received 1.3, 2.0, and 2.2 mg. 
of PGA per kilogram per day respectively. These amounts are less than that 
known to produce a suboptimal response in the guinea pig when considered 
on a weight basis. Because of the possibility of producing renal tubular dam- 
age in these scorbutie patients,'” larger doses were not used. 

The amount of PGA used in our guinea pig experiments was several hun- 
dred times the estimated requirement for this vitamin.1? Although the human 
requirement for PGA cannot yet be established, the fact that as little as 0.2 
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mg. of PGA daily by mouth will effect a maximal hematologic response in 
megaloblastic anemia of infancy"! would suggest that the amount of PGA 
necessary to influence tyrosine-induced hydroxyphenyluria in seorbutic in- 
fants probably is also many times greater than the normal requirement. The 
exact mechanism by which these large doses of PGA alter tyrosine meta’ olism 
remains to be determined. It is interesting that the amounts of liver" or vita- 
min B,.’° which reduce the hydroxyphenyluria of pernicious anemia in relapse 
are of the same order of magnitude as those necessary to give an optimal 
hemopoietic response. Vitamin B,. is apparently without effect in induced 
hydroxyphenyluria in scorbutie infants.® 


SUMMARY 


Tyrosine-induced hydroxyphenyluria has been demonstrated in four 
scorbutic infants. 

PGA in doses of approximately 2.0 mg. per kilogram per day given intra- 
muscularly did not prevent the excretion of abnormal quantities of hydroxy- 
pheny! derivatives after tyrosine supplementation. 

The relationship between the amount of PGA used and its effect on tyro- 
sine metabolism is discussed. 
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VENOUS CATHETERIZATION FOR FLUID THERAPY: A 
TECHNIQUE AND RESULTS 


L. H. ANprerson, M.D.* 
Cuicaco, ILL. 


UBSTITUTION of flexible plastic capillary tubing for the usual steel veni- 

puncture needle has been proposed as a means of making possible more 
sustained administration of solutions intravenously and increasing the comfort 
and mobility of patients during prolonged parenteral fluid therapy.'* Inserted 
through 15 to 17 gauge needles? or especially designed apparatus,” ° poly- 
ethylene and polyvinyl plastic catheters have been reported retained in patients’ 
veins for as long as four to five days! and twelve to fourteen days,” * and in one 
instance for thirty-nine days.’ 

The extent to which continued intravenous fluid administration can be 
prolonged has been observed to be limited by the development of thrombo- 
phlebitis,’"** occurring in some patients within one to four days.”° 

The practicability of venous catheterization is dependent upon: (a) demon- 
stration that the average patient can be maintained on intravenous fluid therapy 
for a longer period than is possible by present methods, and (b) development 
of a procedure for catheterizing veins which is comparable to steel needles in 
simplicity. 

The object of this study is to present a technique of venous catheterization, 
and to determine complications resulting from the use of venous catheters as 
compared with standard procedures for administering intravenous fluids. 


EXPERIMENTAL 


Flexible polyvinyl plastic tubing is available which withstands autoclaving and produces 
minimal irritation in tissues.14-16 Using this type of tubing, the plastic catheter illustrated 
in Fig. 1 was devised experimentally. 

The catheter consists of a 2 in. length of thin-walled, transparent capillary tubing (A), 
one end fitted permanently over the shaft of an 18 gauge needle (C), shortened to %4 inch. 
The tubing is constructed from polyvinyl venoclysis tubingt by heating it in an oven at 400° 
F. and stretching it to a size which closely approximates the inside diameter of the steel 
venipuncture needle (D). 

The venipuncture needle (D) is a Becton-Dickinson 18 gauge thin-walled needle 3 in. 
long. The lumen of the plastic tubing accommodated by this needle is practically equal in 
diameter to that of a standard 18 gauge needle, 

The shaft of the venipuncture needle is modified by being ground flat on the bevel side 
along its entire length (, F), forming a slot which communicates with the lumen. The inner 
circular dotted line at KF illustrates the position of the plastic tubing within the lumen of 
this needle. 

Each catheter is fitted permanently with a nylon or bakelite block (), measuring 4 
by 1145 in., shown in detail at G, H, and J. The shaft of the catheter hub (C) is inserted 


—_—_ 


Received for publication, May 1, 1950. 

*Resident in Internal Medicine, St. Luke’s Hospital. 
: *Koroseal surgical tubing, B. F. Goodrich Company, Akron, Ohio; internal diameter .125 
in, Wall thickness .019 inch. 
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tightly into aperture K. Sliding the venipuncture needle (JD) through aperture M, with hevel 
up, forces the plastic tubing into the lumen of the needle. 

The plastic catheter and venipuncture needle are autoclaved separately. At the time 
of use the catheter is assembled into the lumen of the needle so that the tip of the tubing 
is at the position of the vertical dotted line at F. The catheter hub then is attached to the 
venoclysis apparatus and venipuncture is performed in the usual manner. Once the tip of the 
needle is within the vein, fluid is allowed to run through. The needle is then held stationary 
while the catheter is floated into the vein by advancing the hub of the catheter up to the 
point of skin puncture. Then the needle is withdrawn. The catheter hub is taped flat to 


the skin. 
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The advantage of this method is that the catheter is connected to the venoclysis apparatus 
prior to venipuncture, and the steel venipuncture needle becomes detached completely from 
the catheter simply by withdrawing the needle, without necessitating disconnection or inter- 
ruption of the flow of fluid. 

Fig. 2 illustrates the manner in which this method has been adapted to the design of a 
molded, all-plastic, disposable venous catheter. The hub (0) measures 544 by 15» in. and is 
molded of a hard plastic such as FM 10001 Nylon. The needle adapter (P) on the venoclysis 
set fits aperture I. The polyvinyl capillary tubing (N) is cemented or welded into channel X. 
Within aperture Y is a ridge, as indicated, which permits the slotted steel venipuncture 


needle (@) to slide through only in the correct position. 
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RESULTS 


Plastic catheters were employed to administer fluids to patients continu- 
ously, at the rate of 3,000 ¢.c. per day. Venoclysis through each catheter was 
maintained until thrombophlebitis developed or until the patient’s requirement 
for fluid therapy was terminated or, as in one instance, until blocked by a blood 
clot. The time required to assemble the catheters and to perform the catheteri- 
zations was comparable to that for venipunctures with steel needles. Because of 
the possibility of increased irritation with protein hydrolysates and 10 per cent 
glucose solutions, patients receiving large amounts of these fluids were not 
included in the series. 





















| 
i 


Fig. 2. 


During continuous fluid administration at such sites as the forearm, ante- 
cubital fossa, wrist, hand, and ankle, the patients were able to move the ex- 
tremities freely and without discomfort. 

The development of thrombophlebitis was characterized by the appearance 
of pain and tenderness and redness over a segment of the vein immediately 
proximal to the site of venipuncture, together with perivenous induration or 
swelling. The time of onset of thrombophlebitis, as a consequence of continuous 
administration of 5 per cent glucose, physiologic saline, or blood, was determined 
in a series of sixty-two venous catheterizations. The results are presented 
in terms of cumulative incidence in Table I. In order to determine the median 
duration of venoclysis sufficient to produce thrombophlebitis, these data were 
treated according to the methods of Dragstedt’’ and Bliss,’* and it was observed 
that the time at which 50 per cent of patients may be expected to have developed 
thrombophlebitis is 3.33 days. 

For comparison with venous catheters, patients were observed who received 
single continuous intravenous infusions of 5 per cent glucose, physiologic saline, 
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TABLE I. CUMULATIVE INCIDENCE OF THROMBOPHLEBITIS RESULTING FROM VENOCLYSIS 
THROUGH PLASTIC CATHETERS 














DURATION OF FLUID ADMINISTRATION IN DAYS 








— a 2 ee cee ee oe ee er ee a 
Number of patients* 62 42 28 26 26 25 23 
Thrombophlebitis 
Number 1 3 12 19 22 22 23 
Per cent 1.6 7.2 42.8 73.0 84.6 88.0 100 





the to er ee oe a eo eee aay te twenty nt 
— developed thrombophlebitis prior to the seventh day and one received fluid for seven 
or blood by means of steel needles and by means of steel cannulas (introduced 
by ‘‘cut-down’’). Complications resulting in termination of the venoclysis in 
these patients are given in Table II. A small number of infusions became 
plugged by a blood clot. A few patients developed gross evidence of phlebo- 
thrombosis, indicated by the presence of a palpable, firm segment in the vein 
without tenderness or swelling. Subcutaneous extravasation of fluid, a significant 
complication with the use of steel needles (13.7 per cent of cases), did not 
occur with catheters and cut-downs. In all three procedures a large incidence 
of thrombophlebitis occurred on the third day of continuous fluid administra- 
tion. 


TABLE II. COMPARISON OF COMPLICATIONS OCCURRING ON CONSECUTIVE Days DUE 10 
CONTINUOUS VENOCLYSIS THROUGH NEEDLES, CUT-DOWNS, AND CATHETERS 


















































DURATION IN DAYS 1 2 3 
CUT- | CATHE- CUT- | CATHE- CUT- | CATHE- 
PROCEDURE NEEDLE| DOWN | TER |NEEDLE| DOWN | TER |NEEDLE] DOWN | TER 
NUMBER OF PATIENTS| 153 | 15 | 62 160] #14 | #41 7 | 9 | & 
Patients with compli- 
cations (%) 
Thrombophlebitis 0.7 0 1.6 6.3 14.3 4.9 71.4 33.3 36.0 
Phlebothrombosis 1.3 0 0 0) 0 0 0 0 0 
Subcut. extravasa- | 13.7 0 0 6.3 0 0 0 0 0 
tion of fluid 
Blood clot in 1.9 6.7 1.6 6.3 fail 0 0 0 0) 
apparatus ~ ; _ 
Total complications be fg 6.7 3.2 18.8 21.4 4.9 71.4 33.3 36.0 








SUMMARY 


A simple method of venous catheterization is described. Plastic catheters 
provide increased comfort for patients during prolonged intravenous fluid 
therapy. The only significant complication of the use of venous catheters is 
thrombophlebitis. The average patient may be expected to develop thrombo- 
phlebitis as a result of 3.33 days of continuous fluid therapy by this procedure. 
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A SOURCE OF ERROR IN THE SHIPMENT AND STORAGE OF PLASMA 
SAMPLES FOR ALKALINE PHOSPHATASE DETERMINATION 
lL. ©. Cuark, Pu.D., ano E. I. Beck, M.S., YELLOw SPRINGS, OHIO, AND 
ABNER ROBINSON, M.S., AND M. E. WISEMAN, B.S., DETROIT, MIcH. 


N, CONNECTION with a study of the nutritional status of mothers in which 

The Fels Research Institute, the University of Chicago, the University of 
Rochester, Vanderbilt University, and the Children’s Fund of Michigan par- 
ticipated, ‘‘alkaline’’ phosphatase was determined in samples of blood plasma 
by the Bessey-Lowry micromethod.* Samples for analysis were exchanged 
among some of the cooperating laboratories to standardize methods. Low and 
erratic results for alkaline phosphatase were obtained for certain groups of 
plasma samples. The cause of the discrepant values was traced to the presence 
of CO. in some tubes. The microtubes had been stoppered with paraffin-coated 
corks and packed in dry ice for shipment. As the tubes cooled, the pressure 
within them decreased sufficiently to draw CO, inside through minute openings 
in some of the stoppers. With a number of samples, the compartment used to 
freeze samples contained CO, from dry ice previously placed in it. The un- 
detected CO, in some tubes lowered the pH of the buffer substrate mixture 
enough to seriously decrease enzyme activity. When the CO, in such tubes was 
removed with a fine stream of air, accurate, reliable results were obtained. The 
discrepant results obtained, therefore, were due to CO, in the gas phase, not to 
CO, absorbed by the plasma. 


TABLE I 





STORED IN 





STORED IN 





| DRY ICE DRY ICE 

ORIGINAL | STOPPERED | NOT STOPPERED 

ALIQUOT | (NPP UNITS) | (NPP UNITS) | (NPP UNITS) 
‘1 i ——_— 0.78 0.11 
2 1.08 0.16 0.24 
3 1.12 0.60 0.36 
4 0.97 0.65 0.32 
5 1.04 1.09 0.34 
Mean 1.07 0.66 0.27 








TABLE II 








NUMBER OF DE- 





TREATMENT TERMINATIONS M SD. 
Plasma, as received 5 2.00 0.38 
Plasma, aerated 5 2.02 0.44 
Plasma, CO, 5 1.94 0.35 
Plasma, CO, + aeration 5 1.80 0.88 — 





From The Fels Research Institute for the Study of Human Development, Yellow Springs, 
Ohio, and the Research Laboratory, Children’s Fund of Michigan, Detroit, Mich. 

Received for publication, May 26, 1950. ; 

*Bessey, O. A., Lowry, O. H., and Brock, M. J.: Method for Rapid Determination of 
Alkaline Phosphatase with 5 Cubic Millimeters of Serum, J. Biol. Chem. 164: 321, 1946. 
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RESULTS 
The analytical data obtained on the first twenty-two samples, arranged in 
rank order, are shown in Fig. 1. It can be seen that removal of the CO, in- 
creased the agreement between duplicates and raised the mean value. That 
CO, was the culprit was further proved experimentally. The analyses reported 
in Table I indicate that CO, diffuses through apparently tight stoppers as well 
as into open tubes. Such samples can be restored to their original activity by 
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freeing the tubes of CO, gas. For example, triplicate determinations on a single 
sample gave for the original, 2.55; after storing over dry ice, 1.44; and after 
removal from dry ice and freeing of CO,, 2.66. Further evidence for the fact 
that the CO, does not permanently alter the activity of the enzyme is found 
in Table IT in which CO, was bubbled through plasma until pH values of 
about 6.4 were obtained, without producing a change in the enzyme activity. 
Aeration of the plasma, with or without CO, treatment, similarly produced no 
change. 


CONCLUSIONS 


It is suggested that dry ice not be placed in deep freeze units where carbon 
dioxide may stratify and seriously contaminate samples and reagents, and that 
samples be shipped in sealed glass tubes. 





the blood of patients undergoing treatment with Dicumarol [3, 3’-methylenebis. 
(4-hydroxycoumarin) ]. It was advocated that a stable, active thromboplastin 
be used and that the stability of the thromboplastin be controlled by frequent 
checks on blood from normal individuals. With the thromboplastin solution* in 
use at that time, 182 paired prothrombin determinations were done by the bed- 
side test and the one-stage test.’ A correlation coefficient of 0.810 was obtained 
between the prothrombin times obtained by the two methods. 


the stability of the thromboplastin solutions under conditions of use in a 
clinical laboratory. The methods used have been described previously.1| During 
this period the appearance of the thromboplastin solution received for testing 
changed. Whereas the older solutions had been pink in color and contained a 
considerable amount of sediment, the newer solutionst contained less sediment 
and were grayish in color. Difficulties were encountered with this new type of 
thromboplastin in that the prothrombin times optained by the bedside method 
were almost always longer than those obtained by the one-stage method. How- 
ever, the older type of thromboplastin continued to give bedside prothrombin 
times which were either the same as, shorter, or longer than the one-stage values, 
indicating that the direct correlation still existed with this solution. 


been collected using both the old type of thromboplastin and the more recent 
variety. It is considered advisable to present these data briefly in an effort to 
clarify the issue. 


bedside prothrombin times and the one-stage prothrombin times in paired 
determinations. Each dot in the figure represents the difference for one pair 
of determinations. It is evident that there is a direct correlation between the 


Medical College and Hospital. 


Blanchard and Mr. C. F. Gerber of Schieffelin & Company, New York, N. Y., in supplying the 
thromboplastin which has been used for these studies. 


the name Solu-Plastin, Schieffelin & Company. Both thromboplastins are prepared by f 
traction of equal weights of horse brain and lung with 1 per cent phenol.* The newer type 0 
thromboplastin has been carried through one step of purification, This purification 
decolorizing by mixing the solution with animal charcoal and recentrifuging.® 








FURTHER REPORT ON THE COMPARISON OF THE ONE-STAGE 
AND BEDSIDE METHODS FOR DETERMINING PROTHROMBIN 
MuriEuL P. Munro, Pw.D., anp F.. L. Munro, Px.D. 
PHILADELPHIA, PA. 





pang Lewis, Munro, and Munro! suggested that the bedside test? 
was adequate for the daily determination of the prothrombin activity of 


Following the previously reported work, a long-term survey was started on 


A considerable amount of data on paired prothrombin determinations has 


RESULTS 


The data are presented in Fig. 1 as the differences in seconds between the 


From the Charlotte Drake Cardeza Foundation, Department of Medicine, Jefferson 


Received for publication, May 29, 1950. 
*Thromboplastin Solution Schieffelin. We wish to acknowledge the courtesy yf Dr. E. 


W. 


*This newer type of thromboplastin is the material now available commercially under 
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bedside and the one-stage prothrombin times with the older type of thrombo- 
plastin. It is also evident that there is not a direct correlation between the 
values obtained by the two methods when the more recent type of thrombo- 
plastin (Solu-Plastin) is used. The correlation coefficient, calculated according 
to the method described by Snedecor,® has been determined for the ninety-two 
paired values determined with the older type of thromboplastin. These ninety- 
two determinations include the sixty-seven values from patients treated with 
Dicumarol and the twenty-five values from normal individuals. The correlation 
coefficient is r= 0.870 which corresponds favorably with the correlation eo- 
efficient 0.810 which was obtained previously.' 


TYPE OF THROMBOPLASTIN 
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Fig. 1.—Difference in seconds between the bedside and one-stage prothrombin times in paired 
prothrombin determinations (bedside values minus one-stage values). 


Per cent prothrombin activity as reported to the clinician is derived from a 
dilution curve based on the average values obtained on plasmas from four 
normal individuals. The one-stage method is employed in preparing the dilution 
curves. It will be noted that of the sixty-seven paired values obtained on 
patients treated with Dicumarol only eight (12 per cent) fall outside the +6 
second range when the old type of thromboplastin is used. At the critical range 


~ 


of 25 per cent prothrombin activity a difference of +6 seconds means a difference 
In per cent prothrombin activity of 14 per cent and 30 per cent. 


SUMMARY 


Paired prothrombin determinations have been done by the bedside and 
one-stage methods using the type of stable thromboplastin available for the 
previous work and the more recent commercially available Solu-Plastin. 

A correlation coefficient of 0.870 was found for the older type of thrombo- 
plastin, thus confirming the report in a previous communication.’ 

The newer type of thromboplastin, Solu-Plastin, did not give a direct cor- 
relation between the values obtained by the bedside and one-stage methods. 


We wish to acknowledge the technical assistance of Miss Shirley Hollopeter, B. S., and 
Miss Jane E. Kirk, Medical Technician. 


MUNRO AND MUNRO 
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FURTHER OBSERVATIONS ON A SUBSTANCE IN EGG YOLK 
WHICH PROTECTS AUREOMYCIN FROM DETERIORATION 


C. Ray Womack, M.D., Epwarp H. Kass, M.D., Pu.D.,* anp 
MAXWELL FINLAND, M.D. 
Boston, Mass. 


Bs yolk has been found to inhibit the deterioration of aureomycin which 
occurs during incubation at 37° C.1. Partial purification of the protective 
material has been achieved and some of its properties have been studied. In 
addition, a colorimetric method for assay of aureomycin is described. 


Methods.— 

Colorimetric Estimation of Aureomycin: The chemical method used for estimating the 
concentration of aureomycin was a modification of the colorimetric method of Kelsey and 
Goldman.2 Concentrated HCl added to a solution of aureomycint results in the rapid de- 
velopment of a yellow color of considerably greater intensity than that exhibited by aureo- 
mycin solutions to which an equivalent volume of water is added. The color so developed 
reaches maximal intensity within fifteen minutes and is stable for as long as forty-eight 
hours at 37° C. Transmission curves of the acidified solution between 410 and 700 my 
(using a Coleman Junior spectrophotometer) show minimal transmission between 450 and 
460 millimicrons. In the aureomycin solutions without added HCl, the transmission diminishes 
as the wave length decreases and no peaks of minimum transmission are observed within the 
wave lengths used. At 460 my the optical density of acidified solutions of aureomycin is 
directly proportional to concentration of aureomycin and this wave length was employed in 
subsequent analyses.{ Similar observations have recently been reported by others using a 
slightly different technique.? Microbiologie methods were used for determining concentrations 
of aureomycin in serum or broth,4 


Results.— 

Effect of Heat On the Stability of Aureomycin: A solution of aureomyein 
in a concentration of 100 pg per milliliter was made up in 0.1M phosphate 
buffer, pH 7.4. Two milliliter aliquots were incubated in a water bath at 37° 
and 60° C. for increasing periods of time up to one hour, following which 4 ml. 
of concentrated HCl were added. After the maximum color developed, the 
optical densities of the specimens were determined against distilled water 
blanks. At both temperatures, the concentrations of aureomycin diminished 
in proportion to the duration of heating, thus confirming previous studies in 
which microbiologic assay methods were used.t The deterioration was acceler- 
ated at the higher temperature. The microbiologic and chemical methods were 
In agreement within the limits of error of the former. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Har- 
vard), Boston City Hospital and the Department of Medicine, Harvard Medical School. 

Aided by a grant from the United States Public Health Service. 

Received for publication, May 29, 1950. 

*Senior Fellow in Virus Diseases, National Research Council. 

*Crystalline aureomycin hydrochloride, provided by Dr. Stanton M. Hardy of the 
Lederle Laboratories, was used throughout. 

tTerramycin will react similarly with concentrated HCl to yield a deep yellow color, 
the absorption curve of which is similar to that obtained for aureomycin. The color is less 
Sr than that obtained with aureomycin but can be stabilized by the addition of dilute 
8 Im nitrite. 
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Effect of pH: Aureomycin has been shown by biologic assay to deteriorate 
more rapidly in alkaline than in acid solution. Aureomycin solutions were 
made up in 0.1M phosphate buffer at pH 6.0, 6.5, 7.0, 7.4, and 8.0 and in con- 
centrations of 100, 50, and 25 pg per milliliter. Two milliliter aliquots of each 
of these solutions were heated at 60° C. for thirty minutes and the residual 
aureomycin was determined colorimetrically. Unheated solutions of equal 


EFFECT OF pH ON RATE OF DETERIORATION 
OF AUREOMYCIN AT 60° C 
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concentration in buffer served as controls. A rapid and progressive diminution 
in concentration of aureomyein occurred with increasing pH (Fig. 1), entirely 
consistent with the behavior of the drug as measured by biologic methods. 
Although the deterioration of the antibiotic was more rapid at pH 7.4 than in 
more acid solutions, most of the following studies were carried out at pH 7.4 
beeause of its physiologic implications. 


Methods.— 

Separation of Protective Material From Egg Yolk: The capacity of egg yolk to protect 
aureomycin from deterioration was not removed by dialysis of the yolk against tap water for 
twenty-four hours using the bacteriologic method for aureomycin assay. Three methods were 
utilized to extract the egg yolk in order to determine the fraction in which the protective 
activity occurred. In each method, the final product was made up to the original volume of 
yolk before testing its activity. 

Method I. The yolk was repeatedly extracted with twice its volume of ether until all 
but minimal amounts of chromogen had been extracted. The extract had no protective activity, 
whereas watery suspensions of the residue had full activity. When the first extractions were 
earried out with 2 vol. of a mixture of equal parts of ether and 95 per cent ethanol, further 
extractions of the coagulum of lipid-poor yolk with ether were facilitated. The residue of 
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white paste was suspended in small amounts of water and allowed to stand overnight at 4° C. 
The aqueous supernatants were cleared by centrifugation and filtration. Two extractions of 
the residue were usually performed. 


Method II, <A protein-free filtrate of yolk was prepared by precipitation with tungstie 
acid. A volume of egg yolk was mixed with a half-volume of 10 per cent sodium tungstate 
and then, slowly, with a half volume of 34N sulfuric acid. The coagulum so produced was 
filtered and the filtrates were found to have protective activity. 


Method III, This method proved most satisfactory and will be described in greater 
detail. Five hundred milliliters of egg yolk were separated from three dozen eggs, and to 
this was added slowly, with stirring, 500 ml. of a mixture composed of equal parts of acetone 
and 95 per cent ethanol. The coagulum which settled out was separated by filtration and 
washed repeatedly with ether until free of noticeable chromogen. The residue was then 
suspended in a total of 250 ml. of water, extracted overnight at 4° C., and filtered and the 
extraction was repeated with half the volume of water. To the combined filtrates were added 
25 ml. of 30 per cent trichloracetic acid and the white precipitate which formed was filtered 


out. The filtrate was adjusted to pH 7.4, and then brought to the original volume of 500 


milliliters. The nitrogen content of egg yolk was 59.5 mg. per milliliter; that of the final 
solution was 0.218 mg. per milliliter. 

The solutions which contained protective activity were all adjusted to pH 7.4 + 0.1, using 
a Beckman potentiometer, and were stored at 4° C. Some preparations were lyophilized and 
were active after storage for two weeks in the dried state. 


Results.-— 

Properties of the Protective Substance: The solutions of active material 
gave a strong Molisch reaction, formed a white, finely granular precipitate upon 
the addition of 10 vol. of 95 per cent ethanol, and failed to develop color in the 
presence of iodine. The alcohol-insoluble fraction was freely soluble in water, 
saline, and nutrient broth, and was more soluble in slightly alkaline than in 
slightly acid solutions. The aqueous solution did not reduce Benedict’s reagent 
initially but did so after boiling with dilute hydrochloric acid. 

Activity of the Protective Substance From Yolk: In order to demonstrate 
the protective action of these solutions, aureomycin in varying concentrations 
was heated at 60° C. for increasing periods of time. Solutions containing 200, 
100, 50, 25, and 12.5 pg of erystalline aureomycin hydrochloride per milliliter 
were prepared in 0.1M phosphate buffer at pH 7.4. One milliliter of each such 
solution was added to 1 ml. of buffer and incubated at 60° C. In an accompany- 
ing series of tubes, 1 ml. of protective solution (equivalent to 1 ml. of egg yolk) 
at pH 7.4 was substituted for the buffered solutions. At varying intervals the 
solutions were removed from the water bath and concentrated HCl was added 
as previously described. It is seen in Fig. 2 that the deterioration of aureomyein 
which is induced by heating was inhibited at each concentration of antibiotic 
used. Complete protection was not achieved, however. Parallel unheated con- 
trols showed no significant deterioration. 

To determine the extent to which the stock solutions of protective material 
could be diluted and still retain activity, a solution of aureomycin containing 
200 wg per milliliter in buffer was heated for thirty minutes at 60° C., with and 
Without varying dilutions of protective materials. It was found, in general 
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agreement with previous studies in which untreated egg yolk had been used? 
that the protective action could not be demonstrated in the stock solution after 
it had been diluted 1:8 or more. 

When aureomycin in buffered solution was autoclaved at 120° C. for fifteen 
minutes, its activity was lost; the protective substance did not prevent this loss. 
The activity of the protective substance in buffered aqueous solution was not 
destroyed by autoclaving, but autoclaving in the presence of nutrient broth 
resulted in virtually complete loss of protective activity. 


EFFECT OF A FRACTION OF EGG YOLK ON THE 
DETERIORATION OF AUREOMYCIN AT 60° C 
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Although aureomycin deteriorates less rapidly at pH 6.3 than at 7.4 when 
heated at 60° C., the deterioration at the lower pH value is also inhibited in the 
presence of the protective material. This would indicate that the protective 
effect is not dependent upon the rapid rate of inactivation of aureomycin which 
occurs in alkaline solutions. 

Finally, serum was obtained from patients who were receiving aureomycin 
intravenously and 5 ml. of serum were added to the lyophilized material ob- 
tained from 5 ml. of egg yolk. Aureomycin levels were determined micro- 


TABLE I. MAINTENANCE OF SERUM LEVELS OF AUREOMYCIN BY A PROTECTIVE 
SUBSTANCE IN Eaca YOLK 
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biologically on the serum alone and on the serum plus protective material, both 
immediately and after incubation at 37° C. As an additional control, concen- 
trations of aureomycin in samples of the serums stored at —25° C. were de- 
termined along with those done after incubation. The serum specimens to 
which protective material was added showed a pronounced and striking main- 
tenance of aureomycin activity in contrast to the losses which occurred in serum 
alone under the same circumstances (Table I). 


SUMMARY 


Separation from egg yolk of material which protects aureomycin from 
deterioration is described. Approximately 99.6 per cent of inactive nitrogenous 
components were removed. The aureomycin protective fraction is intimately 
related to the polysaccharide fraction of egg yolk. The protective action of the 
fraction was demonstrated by colorimetric as well as by microbiologic assay. 
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THE PRODUCTION OF CHRONIC SYSTEMIC HYPERTENSION IN THE 
RAT WITH A SMALL ADJUSTABLE RENAL ARTERY CLAMP 


E. R. MunneExu,* M.D., anp D. E. Greco, M.D., Pa.D. 
Fort Knox, Ky. 


N THE rat, hypertension has been produced by fibrocollagenous perinephritis 

induced by various foreign substances,’ * * * by partial nephrectomy,° and 
by constriction of one or both renal arteries or the poles of the kidneys, with 
or without an associated nephrectomy.® ”* However, results have varied ac- 
cording to the blood pressure and hypertensive methods utilized, and in most 
instances published reports do not indicate that hypertension of long duration 
and ample magnitude has been produced with the regularity necessary for 
undertaking a systematic study. 

In the dog, application of the Goldblatt adjustable clamp*® to the renal 
arteries induces chronic hypertension with comparative ease and few failures. 
Since so much of the successful experimental work on hypertension in this 
animal is based on use of this procedure, standardization of a similar method 
to give a high percentage of chronically hypertensive rats would be helpful. 
Accordingly, an adjustable clamp for use on the renal arteries of the rat was 
developed. The results are reported here, together with attempts to use some 
of the existing methods. 


METHODS AND PROCEDURES 


White male and female rats of the Wistar and Sprague-Dawley strains were main- 
tained on Purina Laboratory Chow and kept in separate cages in an air-conditioned room. 
For the operative procedure, each rat was anesthetized with pentobarbital sodium, 4 mg. 
per 100 grams, administered intraperitoneally, and aseptic technique was used throughout. 
A series of preliminary operations and experiments established the technique. 

Adjustable Clamp Method.—A small, adjustable, silver clampt!® measuring 1.7 mm, in 
height, 1.65 mm. in length, and 1.5 mm. in width, has been used to induce hypertension 
(Fig. 1). For its application, the renal arteries were exposed through lumbar incisions. 
A clamp was applied at one operation to each renal artery after it had been cleared of 
connective tissue for a distance of 3 to 5 mm., about 1.0 mm. from the aorta. The remov- 
able plate of the clamp was taken out and held with a pointed hemostatic forceps. With 
a curved, blunt-pointed iris forceps, modified to hold the clamp, the inverted clamp was 
slipped under and up around the artery. The removable plate was seated and aligned. 
The clamp was then rotated through 180 degrees to bring the screw into view. The screw 
was turned down to give complete occlusion, and then turned back a definite amount with 
a small jeweler’s screw driver. In the rats reported here, the clamps were applied bilater- 
ally and backed off one and one-half turns. This setting of the clamps was not subse- 
quently altered. In the control animals, the clamps were applied and then immediately 
removed. 

Previous Methods of Producing Experimental Renal Hypertension.—As a basis of com- 
parison for the small clamp technique, four existing methods for inducing hypertension 
were tested also. (1) A silver clip, as described by Wilson and Byrom,? was applied to the 
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right renal artery and approximately one month later the left kidney either was removed, 
wound with cellophane tape,!1 or a cellophane capsule was applied12; (2) the kidneys were 
delivered bilaterally through lumbar incisions and latex capsules were applied to them2; 
(3) the poles of the right kidney were constricted and distorted with 2 mm. wide cellophane 
tape as described by Grollman® and Ablondi,!1 and the left kidney was removed one week 
later; (4) constricting ligatures were placed on the renal arteries,® either bilaterally at one 
operation or one renal artery was constricted, and 90 days later a constricting ligature was 
applied to the contralateral renal artery in those rats that had not developed an elevation 
of blood pressure. 

Blood Pressure Determination.—Blood pressures, before and after operation, were taken 
on each rat at frequent intervals, varying from daily to weekly determinations. Rats that 
developed pressures over 160 mm. Hg for at least four weeks were arbitrarily designated as 
chronie hypertensives.* The blood pressure was determined in the hind leg of the unanes- 
thetized rat by a modification of the method of Kersten and co-workers.13 In the original 
method, a photocell-microammeter arrangement is used to detect an increase in foot volume 
(increased opacity) as a small rubber cuff, attached to a sphygmomanometer, and pre- 
viously wrapped around the hind leg, is deflated. While the fundamental portion of the 
apparatus has been retained, the rapidity and ease with which the blood pressure determi- 
nation is made has been enhanced by the substitution of a ring-type cuff for the original 
wrap-around cuff. This ring cuff (Fig. 1), used to compress the rat’s leg central to the 
photocell arrangement, is a metal cylinder containing a thin, deflatable latex tube and with 
a small side tube attached to a sphygmomanometer for. introduction of pressure. The 
metal tube is 9 mm. inside diameter, 11 mm. outside diameter, and 11 mm. long, with 
grooves cut at each end for tying the rubber tube in place. The rubber tubes, made over 
glass rods 8.6 mm, in diameter, were dipped and removed repeatedly at a constant rate 
into liquid latex to give a thickness of 0.14 to 0.20 millimeter. The rubber tube was 
inserted into the metal cylinder, its ends everted without stretching over the cylinder ends 
and tied in place. This combination of rubber tubing and cylinder was found generally 
applicable to rats weighing from 150 to 450 grams. However, for a few of the larger rats, 
especially of the Wistar strain, the inside diameter of the cylinder was increased to 9.75 
mm. to permit easy application to the leg. 

The performance of this modified blood pressure apparatus was tested against the 
simultaneously and directly recorded phasic pressure in the carotid artery of twenty-two 
generally or locally anesthetized rats, the latter being restrained by a bivalved plaster 
jacket. Only blood pressure readings have been included in which the state of the animal 
preparation was excellent, the foot was warm without evident edema, the pressure curves 
without artifacts, and the microammeter hand underwent a backsweep at the end of cuff 
deflation. Questionable end points were excluded. The reliability of the method is indi- 
cated by the fact that approximately 76 and 5 per cent respectively of the values agree 
within a maximum difference of +10 and +15 mm. Hg from the carotid systolic pressure 
(Fig. 1). Similar favorable comparisons were found with the direct femoral systolic pres- 
sure. This degree of accuracy is adequate for indicating a hypertensive state and is some- 
what better than that obtained in the same experiments when the wrap-around cuff and 
the direct pressures were compared. 

The rats were finally sacrificed and autopsied, and kidney sections were made. Non- 
protein nitrogen analyses!14 were made on heart blood obtained just before death. 


RESULTS 


Using each of the four previously published methods, hypertension de- 
veloped as early as the first and as late as the twenty-seventh week. While hy- 
pertension was produced by each of these methods, the resulting percentage of 


_.*This criterion for chronic hypertension approximates that of Abrams and Sobin? who 
obtained blood pressures of at least 165 mm. Hg for thirty days, but it is considerably more 
rigid than that used by other authors. 3-8, 12 
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rats with such an elevation of blood pressure was not large and no one method 
gave a high percentage. In a total of eighty-three rats, 16 per cent developed 
a chronic elevation of blood pressure, and an additional 8 per cent developed 
hypertension but died in less than four weeks, giving a total of 24 per cent 
which showed a blood pressure elevation above 160 mm. Hg. 

Fig. 2 gives examples of the trend of the blood pressure in the rats with 
small renal artery clamps. Fig. 2, C, illustrates the typical course of the blood 
pressure in one of the control animals, Rat 40. The pressure varies from 100 to 
140 mm. Hg. Fig. 2, A, and B, illustrates the typical course of the blood pres- 
sure after bilateral renal artery constriction in two rats. The preoperative pres- 
sures range from 100 to 120 mm. Hg, and the postoperative pressures vary from 
160 to 230 mm. Hg (after the hypertension was established on the fourteenth 
and twentieth days postoperatively, respectively). The rats were sacrificed 
twenty and twenty-two weeks after operation. 

Table I is a summary of data from all rats in the group with the small 
clamps applied to the renal arteries. The pressures in the two control animals 
(Rats 36 and 40) ranged from 100 to 140 mm. Hg. The control pressures in 
the other eleven rats before operation varied from 100 to 125 mm. Hg. Nine 
of the eleven rats with bilateral renal artery clamps developed chronic hyper- 
tension in from eight to forty days, with the blood pressure ranging from 160 
to 230 mm. Hg. In Rat 34, following application of the renal clamps, the blood 
pressure gradually rose and varied between 155 and 165 mm. Hg until a short 
time before the animal was sacrificed. Although this rat was not regarded 
as hypertensive, its pressure range was well above the preoperative control 
values of 105 to 120 mm. Hg. Rat 44 developed a blood pressure of 160 mm. 
Hg four days postoperatively, but died three days later with both kidneys 
showing large infarcts. 

Eight of the rats were sacrificed after a fourteen to twenty-two and one- 
half week postoperative period. One animal (Rat 44) had a postoperative 
death from too much constriction of the renal arteries. Four others died from 
natural causes at varying periods after the induction of hypertension. During 
the period of hypertension, these four rats developed a respiratory infection 
many weeks after operation with a consequent reduction in blood pressure 
and ultimate death, the latter occurring eight and one-half to seventeen weeks 
postoperatively. The rats that were sacrificed all gained in weight throughout 
the experiment, except for a temporary small loss one to two weeks postopera- 
tively. The rats that died also gained in weight until the onset of infection. 

Table I also contains the blood nonprotein nitrogen values and the autopsy 
findings for most of these animals. Control nonprotein nitrogen analyses on 
six normal, full-grown rats gave values ranging from 40 to 49 mg. per cent. 
All the values for the rats in the operated series with small clamps fall within 
this range. 

As indicated macroscopically and/or microscopically, the two control rats 
had normal kidneys except for an occasional hyaline cast in the cortex and 
medulla of one kidney. Of the eleven operated rats, seven had essentially 
normal kidneys which compared favorably with those of the control rats, three 
had ischemie atrophy of one kidney, and one had massive bilateral infarcts. 
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MUNNELL AND GREGG 


SUMMARY AND CONCLUSIONS 


A small, adjustable, renal artery clamp is described which, when applied 


bilaterally at one operation, has caused a persistent elevation of blood pressure 
(160 up to a maximum of 230 mm. Hg) for months in nine of eleven rats. 
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MOUSE PATHOGENICITY AS A DIAGNOSTIC AID IN THE 
IDENTIFICATION OF ACTINOMYCES BOVIS 


EstHeR Meyer, Pu.D., AND PETER VERGES, B.S. 
Cuicaao, Iu. 


IFFICULTIES arising in the isolation and identification of Actinomyces 

bovis whether it be from human or bovine infections, dental plaques, or 
tonsillar crypts are well recognized. 

The most conclusive proof in the identification of this organism is obtained 
by cultural techniques. This procedure is tedious because of excessive bacterial 
contamination, the pleomorphism of A. bovis, existence of rough and smooth 
colony types, resemblance to anaerobie diphtheroids, variable biochemical reac- 
tions, and lack of a reliable pathogenicity test. Negroni and Bonfiglioli,’ Rose- 
bury,? Rosebury, Epps, and Clark,’ Erikson,* and Weed and Baggenstoss’ 
have reviewed the literature and discussed the problems involved. 

A survey of the literature’ * * © 7 indicates that actinomycosis rarely occurs 
after a single inoculation of the culture into rabbits, guinea pigs, or other ani- 
mals. Inoculations using all of the common routes with such adjuncts as trau- 
matization with splinters, bits of tissue, agar, or various bacteria have failed 
to enhance the invasiveness of this organism. While Slack*® found that progres- 
sive actinomycosis developed in rabbits and guinea pigs after repeated inocula- 
tions, similar trials by Rosebury, Epps and Clark* did not confirm this pro- 
cedure. Attempts to infect mice as experimental animals have not been 
investigated extensively. 

Olitzki® recently reviewed the literature concerning the use of gastric mucin 
introduced along with bacterial organisms of low pathogenicity to establish 
infection in otherwise resistant animals. To our knowledge, no reports on the 
use of this adjuvant to enhance the invasiveness of A. bovis have appeared. 

Milzer and Levine’® reported the use of gastric mucin as an enhancing 
agent in a rapid diagnostic test for. tuberculosis. Macroscopic lesions were 
usually present ten to fifteen days after inoculation. Since tubercle bacilli are 
closely related to A. bovis, it would seem that the same technique might be 
useful for the identification of A. bovis. If successful, the method would lend 
itself to studies on antibiotic and chemotherapeutic agents in actinomycosis. 


TECHNIQUE 
Twelve strains of A. bovis recently derived from human sources and five bovine* 
strains which had been in stock for one to four years were used in the work. In addition, 
fifteen strains of ‘‘anaerobic diphtheroids’’ isolated from a variety of human pathologic 
conditions were compared. Biochemical studies were made on these organisms but up to 





From the Department of Bacteriology, University of Illinois, College of Medicine. 

Received for publication, June 9, 1950. 

*Strains AN9, AN14, AN11, and Rs were kindly supplied by Dr. Theodor Rosebury ; 
H9 and Bl, by Dr. Luther Thompson of the Mayo Clinic. 
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the present time we have been unable to classify them satisfactorily. They will be re- 


ferred to tentatively as ‘‘anaerobic diphtheroids.’’ 


All were grown at 37° C. in Brewer’s 


thioglycollate medium No. 135, with dextrose and Eh indicator methylene blue (modifica- 


tion). 


Maximum growth occurred in four to five days. 


place if these cultures were allowed to incubate further. 


A rapid reduction in viability took 
However, if at this time the 


tubes were placed in the deep freeze at -30° C., the organisms remained viable for several] 
, 


months as a general rule. 
on one particular medium was likely to diminish the vitality of the strain. 


Erikson4 and. Rosebury2 observed that prolonged cultivation 


This was con- 


firmed in our work and we customarily alternated between thioglycollate medium and 


brain-heart infusion agar. 


For animal inoculation the organisms were grown on brain-heart infusion agar slants 


in a Brewer’s anaerobic jar and incubated at 37° C. for four to five days. 


The growth was 


washed off with sterile saline, shaken with glass beads if necessary, and the suspension 
adjusted to match Tube 4 of the McFarland nephelometer. 


TABLE I, 


PATHOGENICITY IN MICE 


Without loss of time, 1 part 








SOURCE 


MICE SHOWING MACROSCOPIC LESIONS 





ORGANISMS PLUS MUCIN 


ORGANISMS IN SALINE 





I. Actinomyces bovis 





























Human 
H9 Anal sinus 3/3" ajo" 
ANY 5/5 0/2 
Part. Temporal abscess 6/8 2/6 
Go. Osteomyelitis 11/1] 0/4 
Dent. Dental plaque 3/3 B72 
R4 Gingival scrapings 10/10 0/2 
Ed. Pulmonary actinomycosis 5/5 0/2 
HI Pulmonary actinomycosis 6/6 2/4 
H3 Pulmonary actinomycosis 4/6 0/6 
AN11 Cervicofacial actinomycosis 16/17 2/9 
AN14 Cervicofacial actinomycosis 5/5 0/2 
Mat. Submental sinus 14/14 3/4 
Total 88/93 (94.6%) 15/47 (31.9%) 
Bovine 
Bl Lumpy jaw 3/4 0/3 
D Lumpy jaw 2/2 0/2 
DT Lumpy jaw 6/6 1/4 
P Lumpy jaw 3/6 2/4 
M Lumpy jaw 3/3 0/2 
Total 17/21 (80.9%) 3/15 (20%) 
II, Anaerobic diphtheroids 
954 Pleural fluid 0/3 0/2 
484 Pleural fluid 0/2 - 
1404 Pleural fluid 0/3 0/3 
Swa Pleural fluid 0/3 - 
874 Blood culture 0/2 0/2 
192 Blood culture 0/2 0/2 
55 Sternal marrow 0/2 0/2 
329 Spinal fluid 0/3 0/3 
872 Fluid, vaginal cyst 0/3 0/3 
670 Granulation tissue 0/2 - 
195 Granuloma 0/2 0/2 
694 Pus 2/3 1/3 
175 Trochanteric abscess 0/2 - 
Ro Lupus erythematosus 2/3 ~ 
Total 4/35 (11.0%) 1/22 (4.5%) 





test not done. 


*Numerator indicates number infected, denominator number of animals. 
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of the suspension was mixed with 1 part of 5 per cent mucin* and 0.5 ¢.c. of the resulting 
mixture injected intraperitoneally. At the same time, control animals received 0.5 e¢.e. 
of the saline suspension. We repeated our experiments two or three times using mucin 
with the organism to make certain it was possible to infect the animals consistently. 
Young, male albino mice (Harlan Farms) weighing 10 to 15 grams were used in all ex- 
perimental work. 





Fig. 1.—Mouse showing two large lesions on inferior surface of the liver and several smaller 


ones on the spleen. 





The mice were routinely sacrificed after ten to fifteen days. Special groups, Go., 
AN11, R4, and Mat. (Table I), were allowed to live thirty to forty-five days to determine 
whether or not the infection would kill the animals, Another reason was to see whether 
a chronic infection could be established with the production of typical hyaline club-bear- 
ing sulfur granules. 

Gram stains, direct mounts in 10 per cent potassium hydroxide, and cultures were 
made of the purulent material found in the lesions. In some instances, tissue sections 
were prepared to study the histopathology. 


RESULTS 
The twelve strains of A. bovis from human sources mixed with mucin and 


injected intraperitoneally into mice produced progressive infection in eighty- 
eight out of ninety-three or 94.6 per cent. (See Table I.) With saline suspen- 





*Granular mucin, Type 1701-W, obtained from the Wilson Laboratories, Chicago, was 
used, The suspension was prepared by adding 5 Gm. of mucin, which were ground to a fine 
Powder in a mortar, to 100 ¢.c. of normal physiologic saline, and autoclaving at 15 pounds pres- 
sure for twenty minutes. The material was stored at 1° C. until ready for use. 
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sions, six strains failed to infect while four produced macroscopic lesions in 
approximately half and two in all of the animals. Of the forty-seven mice 
used, fifteen or 31.9 per cent were infected. Of the five bovine strains mixed 
with mucin, three infected all, one infected three out of four, while one infected 
half of the animals. There were twenty-one mice used and seventeen or 80.9 
per cent showed macroscopic lesions. With the saline suspensions, three strains 
failed while the other two infected some of the animals. Of fifteen mice, three 
or 20 per cent showed visible lesions. 


Fig. 2.—Photomicrograph of histologic section of a lesion in the spleen. (Hematoxylin and 
eosin. x 440.) 


The same type of lesion was produced by A. bovis regardless of the inoc- 
ulum, but lesions were much more extensive and severe when mucin was used. 
Of 114 mice injected with mucin and culture, 105 developed infections. It 
appeared, from the results obtained in these experiments, that strains isolated 
from human sources were more pathogenic. While some of the animals became 
quite emaciated during the course of this work, the majority showed no apparent 
ill effects. Only sixteen deaths were attributed to the infection and these oc- 
curred in the group injected with strains of human origin. 
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Lesions varied in size from 2 to 10 mm. and resembled those produced by 
Mycobacterium tuberculosis (hominis). The organs attacked, in order of fre- 
queney, were the liver (particularly on the inferior surface), spleen, diaphragm, 
inguinal nodes, omentum, abdominal wall, peritoneum, and kidneys (Fig. 1). 
Sulfur granules or clumps of branched mycelia were readily found in purulent 
exudates and also in histologic sections (Figs. 2 and 3). Positive gram stains 
and cultures were obtained from all infected animals. 


Fig. 3.—Purulent exudate from a typical lesion, showing mycelial filaments. (Gram stain. 
950.) 


Out of fourteen strains of anaerobic diphtheroids injected with mucin, 
only two produced small, limited lesions similar but not identical to those of 
A. bovis. No sulfur granules or branched mycelia were seen. Histologic sections 
of the liver and spleen showed: necrosis but no organisms. Cultures, however, 
were positive. Using saline suspensions with nine strains, one animal was in- 
fected. (See Table I for summary of results.) 


DISCUSSION 


A. bovis may be isolated in either the rough or smooth phase. (Fig. 4.) If 
the organism is in the rough phase, colonial and microscopic characteristics are 
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quite typical. In the smooth phase, however, it is a problem to differentiate be- 
tween it and some anaerobic diphtheroids. (Fig. 5.) 

According to our experience, and also as mentioned by Weed and Baggen- 
stoss,° anaerobic diphtheroids frequently are found in both normal and patho- 
logic tissues. Because their incubation period, growth characteristics in 
Brewer’s thioglycollate medium, and biochemical reactions are remarkably simi- 
lar to A. bovis, confusion often results. 


Fig. 4.—Actinomyces bovis. (Rough phase.) Gram stain. Brewer’s thioglycollate medium. 
(X950.) 


This work indicated that hog gastric mucin could be employed as an ad- 
juvant in establishing infections with A. bovis in a high percentage of young, 
albino mice. Sulfur granules or branched mycelia were found in the exudates 
and histologic sections. Early in our work, we learned it was essential to use 
young mice weighing 10 to 15 grams since older ones often were completely re- 
sistant. Although our results with seventeen strains used in these experiments 
justified the conclusions stated, it is possible that some noninvasive strains may 
be found. 





MOUSE PATHOGENICITY AS DIAGNOSTIC AID 673 


Previously in vivo evaluation of chemotherapeutic and antibiotic agents 
was not possible because of the resistance of animals to this infection. Such 
experiments are in progress and will be reported at a later date. 


Fig. 5.—Anaerobic diphtheroid resembling A. bovis. Gram stain. Brewer’s thioglycollate medium. 
(<950.) 


In only two instances did mucin enhance the invasiveness of the anaerobic 
diphtheroids. The lesions differed macroscopically from those produced by 
A, bovis and no sulfur granules or mycelial filaments were found. Histologic 
sections showed necrosis but no microorganisms could be seen. Cultures, how- 
ever, were positive. It should be kept in mind, therefore, that either some mem- 
bers of this group may be pathogenic or they actually represent strains of A. 
bovis with reduced pathogenic properties. 


CONCLUSIONS 


Gastric mucin enhanced the invasiveness of A. bovis in a high percentage 
of young, male, albino mice when injected intraperitoneally. 

Sulfur granules and clumps of branched mycelia were found in purulent 
exudates and also in histologic sections, Macroscopic lesions resembling those 
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Myco. tuberculosis (hominis) occurred ten to fifteen days after inoculation 
and persisted up to forty-five days. 


With few exceptions, gastric mucin failed to enhance the invasiveness of 


the ‘‘anaerobic diphtheroids.’’ Furthermore, the lesions differed from those 
produced by A. bovis. Sulfur granules or clumps of branched mycelia were not 
found either directly or in histologic sections. 
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EXPERIMENTAL PRODUCTION OF NUTRITIONAL MACROCYTIC 
ANEMIA IN SWINE 


III. FurRtTHER STUDIES ON PTEROYLGLUTAMIC AcID DEFICIENCY 


G. EK. CartwriGcHt, M.D., J. G. Patmer, M.D.,* Berry Tartine, B.S., 
HELEN ASHENBRUCKER, B.A., AND M. M. WINnTROBE, M.D., PH.D. 
SaLt LAKE City, UTAH 


S REPORTED previously from this laboratory’? a severe macrocytic 
A anemia, leucopenia, and slight thrombocytopenia have been produced in 
thirty-two swine by feeding a purified diet containing casein and supplemented 
with seven B vitamins, Sulfasuxidine, and a folie acid (‘‘ecrude methyl’’) 
antagonist. The bone marrows of these pteroylglutamie acid deficient swine 
were hyperplastic and there was an increase in immature nucleated red cells 
of a type which closely resembled the megaloblasts of pernicious anemia. The 
hematologic manifestations appeared in the presence of ‘‘extrinsic factor’’ in 
the diet and their development was not prevented by the administration of 
purified liver extract. The feeding of a diet low in protein (10 per cent 
casein) resulted in a more rapidly developing anemia but the degree of 
macrocytosis was less. The deficiency syndrome responded rapidly and com- 
pletely to the administration of pteroylglutamic acid, pteroyldiglutamie acid, 
pteroyltriglutamie acid, or to pteroylheptaglutamic acid. Purified liver ex- 
tracts as well as vitamin B,. were found to possess some hemopoietic activity 
under the conditions employed, but the activity was considerably less than 
that of the pteroylglutamie acid compounds. Thymine and xanthopterin were 
at most only slightly active. Tyrosine, adenine, and uracil were found to be 
inactive. 

The purpose of this paper is to present observations on twenty-four ad- 
ditional pigs made deficient in pteroylglutamiec acid by the foregoing method 
and treated with vitamin B,., thymine, vitamin B,, in addition to thymine, as- 
corbic acid, tyrosine, animal protein factor, histidine, desoxyribonucleic acid, 
ribonucleic acid, proteolized liver, Marmite and repeated small doses of pteroyl- 
glutamic acid. Observations are also presented on certain aspects of ascorbic 
acid, tyrosine, vitamin B,., iron, copper, and erythrocyte protoporphyrin metabo- 
lism. Three pigs were given 4-aminopteroylglutamic acid (Aminopterin) and 
the hematologic changes produced are compared with those produced by the 
administration of the methyl-pteroylglutamic acid antagonist. 
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EXPERIMENTAL PROCEDURE 


A total of thirty weanling Chester-White pigs, 21 to 28 days of age, were used for this 
study. The animals were housed in individual cages and were fed the following basal diet 
from the day they were received which was also the day of weaning: 





Purified casein2 10.0 per cent 
Sucrose 73.8 per cent 
Lard 11.0 per cent 
Salt mixture 5.2 per cent 


Sulfasuxidine and the ‘‘crude’’ methyl-folic acid antagonist? were added to the basal 
diet in amounts of 2.0 and 0.2 per cent respectively. The basal diet was fed in amounts of 
36.5 Gm. (152 calories) per kilogram of body weight per pig per day. 

Vitamins were supplied in crystalline form by placing them in capsules and administer- 
ing them orally three times a week. The quantities given were as follows (milligrams per 
kilogram of body weight per day) : 


Thiamin hydrochloride 0.25 
Riboflavin 0.12 
Nicotinic acid 1.20 
Pyridoxine hydrochloride 0.20 
Calcium pantothenate 0.50 
Choline chloride 10.00 


In addition, all animals received crystalline biotin, 0.5 mg. per week intramuscularly; 
4-amino, 2-methyl naphthol hydrochloride (Synkamin; Parke, Davis), 0.5 mg. per week 
intramuscularly; and Natola (Parke, Davis: 55,000 units of vitamin A, 11,000 units of 
vitamin D per gram), 0.056 Gm. per kilogram of body weight per week orally. 

Six of the thirty animals were used as controls and were given the basal diet and 
vitamin supplements as described except that in addition they were given 5 mg. of 
pteroylglutamic acid intramuscularly once every week. 

Hematologic studies (red blood cell count, hemoglobin, volume of packed red cells, 
red cell indices, reticulocyte count, total leucocyte count, and differential leucocyte count) 
were performed weekly on each animal throughout the entire experiment. 

Whole blood and plasma ascorbic acid levels were determined as the 2,4-dinitrophenyl- 
hydrazine derivative of dehydroascorbie acid by the method of Roe and Kuether.4 For 
the determination of free erythrocyte protoporphyrin the method of Grinstein and Watson 
was used.5 Plasma copper was measured by the method of Cartwright, Jones, and 
Wintrobe.6 The procedure of Barkan and Walker? was followed for the determination 
of plasma iron. The total twenty-four hour urinary excretion of total hydroxyphenyl 
compounds (tyrosine, p-hydroxyphenyllactic and p-hydroxyphenylpyruvic acids), expressed 
as the tyrosine equivalent and referred to as ‘‘tyrosyl,’’ was determined by the Folin and 
Ciocalteu method’ as modified by Medes.9 The urine, made weakly acid with acetic acid, 
was shaken with fuller’s earth to remove coloring matter and impurities capable of reacting 
with mercuric sulfate in subsequent procedures.1° The intensity of the final color was 
measured in the Evelyn photoelectric colorimeter, using filter 520 millimicrons. Commercial 
tyrosine, three times recrystallized,§ served as a standard. 

Assays for growth-stimulating factors for Lactobacillus lactis Dorner were kindly per- 
formed for us by Mrs. J. F. Roland of the Armour Laboratories, Chicago, Ill.11 The L. lactis 
Dorner was handled essentially as described by Shorb12 using a forty-two hour incubation 
period. All samples were assayed against a standard solution of crystalline vitamin By. The 
results are expressed as micrograms of ‘‘vitamin B,.’’ with the realization that substances other 
than B, may stimulate the growth of the organism under these circumstances. Urine speci- 
mens were collected under toluene, frozen, and stored at -5° C. The feces were extracted 
several times with 70 per cent ethanol. The ethanolic extracts were then distilled in vacuo at 
30° C. to one-fourth the original volume, rediluted, shell frozen, and lyophilized to a dry 
powder. The results must be considered an approximation because of the difficulties in extrac- 
tion, possible loss in handling, and the presence of growth inhibitors in the specimens. 
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RESULTS 


Response to Crystalline Vitamin B,, and to Thymine in Addition to Vita- 
min B,..—Crystalline vitamin B,. was administered in amounts varying be- 
tween 25 and 125 yg to four pigs (Table I, Figs. 1 and 2). In each instance 
this was followed by a slight reticulocytosis varying from 6 to 14 per cent. 
In two animals (Pigs 10-96 and 11-13) there was a slight increase in the vol- 
ume of packed red cells while in the other two animals the reticulocytosis was 
not followed by a significant increase in the volume of packed red eells. Pigs 
11-13 and 11-14 were given a second injection of 25 pg of vitamin B,, and 
again a modest increase in reticulocytes and volume of packed red cells took 
place. The administration of thymine, 10 Gm. per day for ten days by mouth, 
along with a single intramuscular injection of 25 pg of vitamin B,, did not 
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_ Fig. 1.—Hemopoietic response of a pteroylglutamic acid deficient pig to the adminis- 
tration of crystalline vitamin Biz (100 wg I.M. followed by 25 ug), crystalline vitamin Biz (25 
ug I.M.) plus thymine (10 Gm. per day for ten days I.M.), l-histidine (3.8 Gm. per day for 
ten days I.M.), and Marmite (16 Gm. per day for ten days per os). 

MCV, mean corpuscular volume. VPRC, volume of packed red cells. W.B.C., white 
blood cell count. PMN, polymorphonuclear cells. 


TABLE I, RESULTS OF THERAPY WITH CRYSTALLINE VITAMIN B,, AND THYMINE IN ADDITION 
TO VITAMIN By 





THERAPY INITIAL FOLLOWING THERAPY 














By THY MINE V.P.R.C. RETIC, PEAK VE; 
(HG) (GM.) (ML./100] RETIC. (ML./100 
PIG I.M. ORAL | ML.) (%) (%) DAY MI. ) DAY 
10-96 125 None 20.0 0.8 6.0 2 30.5 290 
25 100 13.0 1.6 18.8 if 17.5 22 
100 None 20.0 3.0 13.5 4 26.5 26 
11-13 25 None 19.5 2.8 9.2 12 23.0 12 
25 100 20.5 0.5 6.0 10 13.0 22 
25 None 16.0 2.0 10.2 4 18.5 18 
11-14 25 None 18.5 3.0 10.0 7 25.5 7 
25 100 19.5 1.5 15.0 6 29.5 25 
11-18 30 None 18.0 1.5 11.4 7 21.0 23 
25 100 14.5 0.6 8.2 7 26.0 34 


—_—_—___ 





V.P.R.C., volume of packed red cells. 
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appreciably augment the activity of the vitamin. In two of the animals 
(Pigs 11-14 and 11-18) (Fig. 2) so treated there was a significant although 
only transitory increase in the volume of packed red cells. In the other two 
animals (Pigs. 10-96 and 11-13) (Fig. 1) red cell regeneration did not occur, 
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Fig. 2.—Hemopoietic response of a pteroylglutamic acid deficient pig to the administration 
of animal protein factor (10 ml. I.M.), crystalline vitamin Biz alone and together with thymine 
(10 Gm. per day for ten days per os), and proteolyzed liver (6 Gm. per day for fourteen days 
per os). 





Response to Ascorbic Acid and Tyrosine.—Ascorbie acid was administered 
to each of four pigs (Table IT). In three of the animals (Pigs 11-51, 11-52, and 
11-53) no response whatsoever occurred. In the fourth animal (Pig 11-12) 
there was a slight reticulocytosis (8 per cent) and a significant increase in the 
volume of packed red cells from 20 to 35 ml. per 100 milliliters. This animal 
differed from the others in that the deficient diet had been fed for 270 days 
‘ather than 80 days and it had been treated five times previously with small 
doses of pteroylglutamie acid. 

Tyrosine was administered to three pigs (Table II). This was followed 
in each instance by a significant reticulocytosis. However, red cell regenera- 
tion was only slight in two of the animals (Pigs 11-52 and 11-53) and mod- 


TABLE IT, RESULTS OF THERAPY WITH ASCORBIC ACID AND TYROSINE 

















THERAPY INITIAL FOLLOWING THERAPY : 
DAILY V.P.R.C. RETIC, PEAK — | V.P.R.C. 
ORAL |NUMBER] (ML./ | (ML./ | 
COM- DOSE OF 100 | RETIC. | 100 

PIG POUND ROUTE | (GM.) DAYS ML. ) (%) (%) DAY ML.) | DAY | 
11-12 Ascorbic Oral 0.1 10 20.0 1.2 8.3 2 35.0 14 
11-51 Ascorbie Oral 0.2* 10 22.0 1.2 3.0 4 13.0 14 
11-52 Ascorbic Oral 0.2* 10 25.8 3.6 5.3 6 23.0 18 
11-53 Ascorbic Oral 0.2* 10 27.5 2.3 5.0 1] 22.0 17 
11-49 Tyrosine Oral 10 10 26.5 2.0 20.0 5 38.0 14 
11-52 Tyrosine Oral 10 10 23.5 2.5 18.3 4 26.0 18 

11-53 Tyrosine Oral 10 10 22.5 2.0 12.0 6 28.0 a 





V.P.R.C., volume of packed red cells. 
*0.5 Gm. intramuscularly on first day in addition to the oral dose. 
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erate in one (Pig 11-49). In none was the rise in volume of packed red cells 
sustained and all relapsed to the previous values in about twenty days. 

Whole blood and plasma ascorbic acid levels were determined weekly 
throughout the course of the experiment on three control and five deficient 
animals. The results are summarized in Table III. There was no significant 
difference between the values of the deficient as compared with the control 
pigs. Furthermore, the administration of ascorbic acid for ten days to each 
of three deficient animals resulted in only a slight increase in the whole blood 
and plasma ascorbie acid levels. 
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eee and after the administration of ascrobic acid and during the oral administration of 
yrosine. 


It was reported previously? that the excretion of ‘‘tyrosyl’’ compounds 
in the urine of pteroylglutamic acid deficient swine was not increased above 
the values for control animals receiving the same basal diet plus pteroylglu- 
tamic acid. To determine if the administration of ascorbic acid would de- 
crease the amount in the urine below normal, three pigs (11-51, 11-52, 11-53) 
were given ascorbic acid for ten days and the values during this period were 
compared with those before and after ascorbie acid (Table IV, Fig. 3). No 
appreciable diminution in the excretion of tyrosine derivatives was noted. 


TABLE IIT. WHOLE BLoop AND PLaAsMA AscorBic Acip LEVELS IN CONTROL AND PTEROYL- 
GLUTAMIC ACID DEFICIENT SWINE 


















































CONTROL PGA DEFICIENT 
PRIOR TO AFTER 
ASCORBIC ACID ASCORBIC ACID 
WHOLE WHOLE 
WHOLE |PLASMA BLOOD | PLASMA BLOOD |PLASMA 
BLOOD AS- AS- AS- AS- AS- 
V.P.R.C. | ASCORBIC | CORBIC V.P.R.C. | CORBIC | CORBIC | V.P.R.C. | CORBIC | CORBIC 
(ML./ ACID ACID (ML./ ACID ACID (ML./ ACID ACID 
100 (MG. (MG. 100 (MG. (MG. 100 (MG. (MG. 
PIG ML.) %) %) PIG MI. ) Jo) %) MI. ) %o) %) 
11-46 43 0.70 0.71 11-49 23 0.69 0.67 
11-47 47 0.69 0.63 11-50 22 0.57 0.61 
11-48 48 0.65 0.65 11-51 22 0.38 0.42 13 0.83 0.79 
11-52 26 0.64 0.67 23 0.70 0.83 
- 11-53 27 0.81 0.82 22 0.86 0.88 
Mean 47 0.68 0.66 24 = (0.62 0.64 19 0.80 0.83 





V.P.R.C., volume of packed red cells. 
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In order to determine if animals previously given ascorbic acid would ex- 


crete less of a test dose of tyrosine as ‘‘tyrosyl’’ compounds, two animals 
previously given ascorbie acid (Pigs 11-52 and 11-53) were given 10 Gm. of 
tyrosine by mouth for ten days and the excretion was compared with that 
of an animal (Pig 11-49) not previously given ascorbic acid but given the same 
amount of tyrosine. 


a single pig (11-52) are given in detail in Fig. 


The results are presented in Table IV and the values for 


Previous treatment with 
ascorbic acid had no appreciable effect on the amount excreted. 


TABLE IV. ExXcRETION or ‘‘TyROSYL’’ CompouNDS (Ma./24 Hr.) IN THE URINE oF Four 
PTEROYLGLUTAMIC ACID DEFICIENT SWINE UNDER VARIOUS CONDITIONS 




















PIG 
CONDITION | 11-49 | 11-52 | 11-53 — 
Prior to ascorbic acid administration 130 97 
(63-65 ) (71-206) (72-150) 
During ascorbic acid* administration 77 67 
(35-94) (41-130) (42-90) 
After ascorbic acid administration 85 91 
(81-88) (79-93) 
During tyrosinet administration 1,588 922 1,977 
(592-2,920) (363-1,270) (320-3,570) 
After tyrosine administration 164 


(143-180) 





Figures represent means and ranges for the periods. 
*For dose see 
710 grams per day added to the diet. 


Table 


Response to Various Other Substances.—The hemopoietic activity of ‘‘an- 
imal protein factor,’’ histidine, crude desoxyribonucleiec acid, crude ribonucleic 


acid, proteolyzed liver, and Marmite was tested. 


in Table V. 


TABLE V. RESULTS OF THERAPY WITH VARIOUS OTHER SUBSTANCES 











FOLLOWING THERAPY — 


The results are summarized 














THERAPY INITIAL 
V.P.R.C. RETIC. PEAK V.P.R.C. 
NUMBER| (ML./ (ML./ 
CcOM- DAILY OF 100 100 

PIG POUND | ROUTE DOSE DAYS ML.) (%) DAY ML.) DAY _ 
10-96 APF I.M. ml, ] 19.5 0.2 3.8 10 24.0 19 
11-18 APF I.M. 10 = mi. ] 21.0 2.0 6.0 7 18.0 16 
11-11 Histidine I.M. 2.5 Gm. 6 23.0 1.2 13.5 6 27.9 31 
11-13 Histidine J.M. 3.3 Gm. 10 19.0 2.3 2.8 5 17.5 14 
11-14 Histidine I.M. 3.3 Gm. 10 20.5 1.2 2.8 11 17.5 14 
11-21 Histidine I.M. 3.3 Gm. 10 18.5 i3 4.8 5 16.0 14 
11-16 DRNA LZ. 2.0 Gm, 10 18.0 1.5 7.2 1 24.5 17 
11-15 DRNA I.M. 3.0 Gm. 10 19.5 0.3 6.7 7 27.0 24 
11-09 DRNA iP. 2.0 Gm. 10 18.5 Ses 26.0 4 32.0 29 
11-21 RNA EP. 2.0 Gm. 10 18.0 2.2 23.0 9 28.5 14 
11-13 RNA IM. 3.3 Gm. 10 13.0 4.0 6.0 8 20.5 26 
11-17 P.L. Oral 5.0 Gm. 5 16.0 3.8 12.5 59 25.0 14 
11-18 P.L. Oral 6.0 Gm, 4 12.0 0.2 45.0 14 23.0 21 
11-50 P.L. Oral 7.0 Gm. 10 22.0 2.5 13.0 5 33.5 25 
11-51 P.L. Oral Gm. 10 13.0 3.0 32.0 7 27.5 21 
11-13 Marmite Oral 16.0 Gm. 10 17.6 3.4 3.6 8 24.0 21 
11-24 ‘Marmite Oral 6.0 Gm. 5 11.5 1.6 9.3 5 24.0 40 








V.P.R.C.. volume of packed red cells; APF, animal protein factor; DRNA, desoxyribo- 


nucleic acid; RNA, ribonucleic acid; P.L., proteolyzed liver. 
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Animal protein factor* (Lederle APF-60, Lot 7-1110-4A) was admin- 
istered to two pigs. There was little or no hemopoietic response in either 
animal. One of these animals (Pig 11-18, Fig. 2) also failed to respond sig- 
nificantly to crystalline vitamin B,p. 

Hall'* has reported that histidine is a biological precursor of ‘‘folie acid.’’ 
For this reason the monohydrochloride of /-histidine was administered to each 
of four pigs. In three of the animals there was no response whatsoever; in one 
animal (Pig 11-11) the administration of histidine was followed by a definite 
reticulocytosis and a slight rise in the volume of packed red cells. 

Crude desoxyribonucleic acid,t after being dissolved in 0.5N sodium hydrox- 
ide and with the pH adjusted to 8, was filtered and injected either intra- 
muscularly or intraperitoneally into each of three pigs. As determined by 
: assay with Lactobacillus casei, the ‘‘folic acid’’ content of this material varied, 
depending upon the lot, from 0 to 16 pg per gram. A definite response oc- 
curred in all three animals. In two of the animals (Pigs 11-15 and 11-16) the 
response was only slight or moderate; in the third (Pig 11-09) there was a 
reticulocytosis reaching a peak of 26 per cent and a rise in the volume of 
packed red cells from 18 to 32 ml. per 100 milliliters. 

Crude ribonucleic acidt was dissolved in 0.5N NaOH and the pH adjusted 

to 8. After filtering, this was injected either intramuscularly or intraperi- 
toneally into each of two pigs. As determined by assay with L. casei this 
material contained 4 to 10 yg per gram of ‘‘folie acid.’’ In both animals there 
was a moderate increase in the volume of packed red cells and in one (Pig 
- 11-21) the reticulocytes increased to 23 per cent. 
C Proteolyzed liver obtained from the Evans Biological Institute, Runcorn, 
] England, and prepared by the process described by Davis, Davidson, Riding, 
and Shaw'* was administered orally to four pigs in amounts equal to 0.5 Gm. 
per kilogram of body weight per day. This material contained about 8 pe per 
gram of folic acid as determined by microbiological assay using L. casei. In 
. each instance the administration of this preparation was followed by a reticulo- 
cytosis and an increase in the volume of packed red cells. 

Marmite, a concentrated extract obtained from yeast by autolysis with salt, 
was obtained from the Marmite Food Extract Company and administered 
orally to two pigs in amounts of 0.7 Gm. per kilogram of body weight per day. 
In one animal (Pig 11-24) the administration of this preparation was followed 
by a slight reticulocytosis, and in both animals there was a rise in the volume 
of packed red cells. However, the anemia was not completely relieved in either 
animal nor was the rise in volume of packed red cells well sustained. As 
determined by microbiological assay, this preparation contained 60 pg of folic 
acid per gram. 


al 


Response to Repeated Injections of Small Doses of Pteroylglutamic Acid.— 
Heinle, Welch, and co-workers'® #° have stated that swine, anemic as a result 
of pteroylglutamie acid deficiency, respond well to pteroylglutamic acid initially, 
but that as the deficiency is maintained, the ability to respond to this vitamin 








* *One milliliter equivalent to 7.5 U.S.P. units of liver extract. 
+Nutritional Biochemical Corporation, Cleveland, Ohio. 
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diminishes. For this reason repeated injections of 0.5 mg. of pteroylglutamie 
acid were given intramuscularly. to five pigs. The animals were allowed to 
develop a hematologic relapse before the next injection was given. Five animals 
received two injections, two animals received three injections, and one animal 
received five injections. The results are presented in Table VI. There was a 
tendency for the height of the reticulocyte response to diminish with each in- 
jection, although this was not marked. The volume of packed red cells increased 
as much after the third, fourth, and fifth injections as after the first two injec- 
tions. In Fig. 4 the response in a single pig (11-12) to each of five injections 
of pteroylglutamie acid is presented in detail. 
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Fig. 4.—Hemopoietic response following repeated injections of small doses (0.5 mg. I.M.) of 
pteroylglutamic acid. 

Relationship of the Degree of Anemia to the Degree of Reticulocytosis 
Following the Administration of Large Doses of Pteroylglutamic Acid.—In 
order to determine if, as in pernicious anemia following therapy with liver 
extract, the height of the reticulocyte rise is a function of the degree of 
anemia, the maximum reticulocyte value following therapy with 10 mg. or 
more of pteroylglutamic acid was plotted against the volume of packed red 
cells at the time of therapy. As can be seen in Fig. 5, there was rather poor 
correlation. 


TABLE VI. Errect OF REPEATED INJECTIONS OF SMALL Doses (0.5 Ma. I.M.) OF 
PTEROYLGLUTAMIC ACID 








MAXIMUM INCREASE 





NUMBER OF NUMBER OF RETIC. V.P.R.C. 
INJECTIONS PIGS (%) (ML./100 ML. ) 
] 5) 37 11 
2 5 23 8 
3 2 18 13 
4 1 11 9 
5 1 17 1] 





V.P.R.C., volume of packed red cells. 
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the maximum 


reticulocyte rise following the intramuscular injection of 10 mg. or more of pteroylglutamic 


acid. 


r, The correlation coe 


fficient. P, The probability. 
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Fig. 6.—Plasma copper 
Volume of packed red_ cells 
acid deficient swine during 


(PCu), free erythrocyte protoporphyrin (2.P.), 


plasma iron (P.1.), 


(Ht.), and reticulocytes in control swine and in pteroylglutamic 


the development of the deficiency and after 


administration of pteroylglutamic acid. 


Each line represents the mean of three animals. 


the intramuscular 
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Studies on Plasma Copper, Free Erythrocyte Protoporphyrin, and Plasma 
Iron.—Plasma copper, free erythrocyte protoporphyrin, and plasma iron de- 
terminations were performed at weekly intervals in six pigs. Three of the 
animals were given 5 mg. of pteroylglutamie acid intramuscularly once a week 
and served as controls. When anemia had become pronounced in the three 
deficient animals, they were treated with 5 mg. of pteroylglutamic acid and 
the foregoing determinations were repeated during recovery. The rcsults 
are presented in Fig. 6. There was no difference in the levels of plasma 
copper between control and deficient animals. However, in the deficient 
animals there was a significant reduction in free erythrocyte protoporphyrin 
and an inerease in plasma iron. Following therapy there was a rise in free 
erythrocyte protoporphyrin to the control level. During the period of active 
red cell regeneration the plasma iron decreased to a low level and then rapidly 
returned to levels comparable te those of the control animals. 
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It should be pointed out that all of the animals were on a low protein 
diet and it has been shown previously™ that animals on such a diet have a 
marked reduction in the iron-binding capacity of the plasma and a lower 
plasma iron level than animals on a diet adequate in protein. This may ac- 
count for the fact that the plasma iron levels in the pteroylglutamic acid 
deficient swine did not reach the high levels observed in pyridoxine-deficient 
swine.** Indeed, in the four pteroylglutamic acid deficient pigs receiving 26 
per cent casein reported in the previous paper,? plasma iron levels as high 
as 600 wg per cent were observed. 

The Effect of the Administration of Pteroylglutamic Acid on the Excretion 
of ‘Vitamin B,,”’ in the Urine and Stool.—Microbiological assays for ‘‘ vitamin 
B,.’’ were made on three-day urine and stool collections from three pteroyl- 
glutamic acid deficient swine at the outset of the experiment while the animals 
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were receiving the basal diet and prior to the administration of the folie acid 
antagonist (Period I), when the deficiency had become manifest (Period IT), 
and during the first (Period III), second (Period IV), and third (Period V) 
three-day intervals following the administration of 5 mg. of pteroylglutamie acid 
intramuscularly. The results are presented in Fig. 7 and are expressed as the 
equivalent of micrograms of crystalline vitamin B,,. per twenty-four hours. 

There was no essential change in the excretion of ‘‘vitamin B,,’’ in either 
the urine or stool during the deficiency (Period II) as compared with the exere- 
tion prior to the development of the deficiency (Period I). However, after the 
administration of pteroylglutamic acid (Periods III, IV, and V) there was a 
marked reduction in the fecal excretion of ‘‘vitamin B,.’’ in all three animals 
and a marked increase in the amount excreted in the urine of two of the animals 
(Pigs 11-06 and 11-08). In the third animal (Pig 11-07) there was only a slight 
increase from 0.5 to 1.3 pg in the amount in the urine. 

The Effect of 4-Amino-Pteroylglutamic Acid on the Blood and Bone Mar- 
row.—4-Amino-pteroylglutamic acid was administered intramuscularly to each 
of three pigs (11-01, 11-02, and 11-28). These animals had previously served 
as controls and had been receiving 5 mg. of pteroylglutamiec acid intramuscu- 
larly each week. The administration of the vitamin was discontinued when 
the intramuscular injections of the antagonist were begun. The weights of 
the animals in kilograms were as follows: Pig 11-01, 32.5; Pig 11-02, 30.9; 
Pig 11-28, 37.4. The results are presented in Table VII. 


TABLE VII. Errect or 4-AMINO-PTEROYLGLUTAMIC ACID ON THE BLOOD OF THREE PIGS 






































V.P.R.C. w.B.c. | PMN | MNC | BONE |_ 4-AMINO PGA _ 
(ML./100| Mov | RETIC. | x 1000 | x 1000 | x 1000 | Mar- DOSE |NUMBER 
PIG DAY ML. ) (Cm) (%) |\(C.MM.)|(C.MM.)|(C.MM.)| ROW (MG.) |OF DAYS 
0 40 52 1.5 13.2 3.3 9.9 N 16 12 
12 40 51 0.5 18.3 6.2 12.1 N 100 12 
11-0] 26 22 47 0.2 8.0 0.8 7.2 M 
53 33 57 0.7 15.3 2.3 13.0 N 100 17 
70 44 47 0.4 4.0 0.3 3.7 M 
0 44 50 7.5 10.5 2.2 3 N 16 12 
12 38 50 0.2 11.2 Dat 9.5 N 100 10 
11-02 26 27 59 0.1 7.8 0.3 7.5 M 
53 42 64 2.2 10.0 2.5 7.5 N 100 17 
70 42 60 0.1 4.0 0.1 3.9 M 
0 42 52 2.4 16.0 5.7 10.3 N 16 12 
12 38 54 0.4 15.8 2.2 13.6 N 100 10 
11-28 23 25 52 0.1 9.0 1.0 8.0 M 
53 45 58 3.0 15.0 5.3 9.7 N 100 17 
70 31 64 0.2 11.8 0.6 11.2 M 








V.P.R.C., volume of packed red cells; MCV, mean corpuscular volume; W.B.C., white 
blood cells; PMN, polymorphonuclear cells; MNC, mononuclear cells. 
N, normoblasts; M, ‘‘megaloblasts.” 


The administration of 16 mg. per pig per day of 4-amino-pteroylglutamic 
acid (aminopterin) for ten days was essentially without effect on the blood 
and bone marrow; whereas, the administration of 100 mg. per pig per day 
resulted in the rapid development of anemia, leucopenia, and changes in the 
nucleated red cells of the marrow identical with those which develop follow- 
ing the more prolonged administration of the crude methyl antagonist.? 
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There was no significant change in this period of time in the mean corpuscular 
volume. When the administration of the antagonist was stopped, reticulocyto- 
sis developed in all three animals which reached a maximum of 21 per cent 
in Pig 11-01, 22 per cent in Pig 11-02, and 15 per cent in Pig 11-28. Following 
this there was a rapid increase in the volume of packed red cells and lJeuco- 
cytes and a reversion of the marrows from ‘‘megaloblastic’’ to normoblastic 
hyperplasia. The peripheral blood changes are shown in detail for one animal 
in Fig. 8. The administration of 100 mg. per pig per day for a second period 
of seventeen days produced anemia in only one of the animals (Pig 11-28), 
but a severe neutropenia and megaloblastic-like changes in the nucleated red 
cells of the marrow were observed in all three of the animals. 
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Fig. 8.—The effect of 4-amino-pteroylglutamic acid on the blood. Note the rapid recov- 
ery without the addition of pteroylglutamic acid when the first course of the antagonist was 
discontinued. The animal died after the second course. 

Histologic sections* of sternal, rib, and femoral marrow obtained at au- 
topsy revealed a rather marked hypoplasia of the marrow (ig. 9). This is in 
contrast to the rather marked hyperplasia which we have observed in swine 
following the administration of the ‘‘crude methyl’’ antagonist.” 


DISCUSSION 

There are several striking similarities between the morphologic and 
chemical changes in the blood in pteroylglutamic acid deficiency in the pig 
and pernicious anemia in human subjects. In both, the anemia is macrocyti¢ 
and is accompanied by leucopenia and slight thrombocytopenia. In both con- 
ditions the plasma copper is essentially normal and the plasma iron level is 
increased.’® In pernicious anemia the amount of free protoporphyrin in the 
erythrocytes tends to be either normal or low-normal.’® In the pig, in which 


*We are indebted to Dr. F. D. Gunn, Professor of Pathology, University of Utah, 
for these studies. 
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the normal level of free protoporphyrin is higher than in human subjects, the 
experimental macrocytic anemia is accompanied by a definitely decreased 
amount of free erythrocyte protoporphyrin. Both conditions are characterized 
by a similar type of morphologic change in the nucleated red cells of the mar- 
row, and, finally, the hematologic manifestations of both conditions are allevi- 
ated by the administration of pteroylglutamie acid. 





A. B. C. 


Fig. 9.—Photomicrographs of sections from the sternal marrow of a pig to show the 
marked hyperplasia produced by the crude methyl-pteroylglutamic acid antagonist (A) and 
the hypoplasia produced by 4-amino-pteroylglutamic acid (C), compared with the marrow 
of a control pig (low-protein) not receiving either antagonist (B). 


There are also many dissimilarities between the experimental macrocytie 
anemia and pernicious anemia. The mode of production of the two con- 
ditions is quite different, the porcine anemia being the result of a dietary de- 
ficiency while pernicious anemia is the consequence of an intrinsic metabolic 
defect. The nutritional deficiency which develops appears to be secondary to 
this abnormality. Neurological disturbances, glossitis, evidences of increased 
blood destruction, and morphologic alterations in the leucocytes have not 
heen observed in the pteroylglutamie acid deficient pigs. Purified liver ex- 
tract, vitamin B,., and thymine are each effective in the treatment of the 
hematologic manifestations of pernicious anemia and are relatively inactive in 
the treatment of the anemia in swine. 

The nucleated red blood cells in the marrow of the experimental animals 
closely resemble the megaloblast series of cells seen in the marrow of pa- 
tients with pernicious anemia in relapse but are not in all respects identical 
with them. Furthermore, the cells produced in the experimental animals are 
not identical with the cells obtained from the yolk sae of pig fetuses during 
the prehepatie period of embryonic development, the chief differences being 
that the nuclear structure is not as open as in primitive erythroblasts and the 
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orthochromatie ‘‘megaloblasts’’ are not as large as similar cells obtained from 
the embryonic yolk sac. Preparations from the bone marrow of our deficient 
pigs have been examined by Dr. O. P. Jones of the University of Buffalo and 
by Dr. Dorothy Sundberg of the University of Minnesota. Dr. Jones states, 
‘“‘The general conclusions are that a macrocytic blood picture has been pro- 
duced by causing the appearance of macronormoblasts that are not normally 
present in swine bone marrow. In some instances polychromatic macronormo- 
blasts have been produced that suggest either the intermediate erythroblast 
forms of Lambin and de Weerdt or atypical megaloblasts (Jones) but these 
forms are in the minority. In this sense you have produced some megalo- 
blastic cells but not a truly megaloblastic marrow. For some unknown reason 
the neutrophilic cells were not influenced.’’ Dr. Sundberg’s opinion was as 
follows: ‘‘I am unable to decide with certainty whether or not you have 
actually produced megaloblasts in your experimental pigs. There were oc- 
casional polychromatophilie cells which I think might be accepted as megalo- 
blasts. In addition, many of the basophilic forms seem to have fine chromo- 
somes in their mitoses. If the. cells which you have produced are not true 
megaloblasts, they are, at least, similar to many of the cells seen in the macro- 
cytic anemias of infancy. I was unable to find any neutrophils which would 
correspond to the pernicious anemia neutrophils of the human.’’ Thus, cells 
at least closely similar to, if not identical with, megaloblasts have been pro- 
duced in the pigs. Whether pig megaloblasts should be expected to be identi- 
‘al with human megaloblasts or with primitive erythroblasts from the yolk 
sae of the pig fetus is an open question. Cells identified as megaloblasts have 
been produced in human subjects following the administration of folie acid 
antagonists.*” *") 2" This would seem to lend support to the fact that the cells 
in the marrows of our experimental swine may be “‘ pig megaloblasts.’’ Welch, 
Heinle and co-workers’ ' state without qualification that they have observed 
megaloblasts in the marrows of swine given a diet similar to the one used in 
these experiments. In dogs, Thiersch and Philips?* claim to have produced 
megaloblastic changes in the marrow following the administration of 4-amino- 
pteroylglutamie acid. 

The metabolic relationship between vitamin B,. and pteroylglutamie acid 
is still not understood. It seems evident from our experiments that in swine 
the peripheral blood, bone marrow, and chemical changes ascribed to pteroyl- 
glutamic acid deficiency are independent of vitamin B,. since these changes 
occur in the presence of extrinsic factor in the diet and are neither prevented 
from developing nor alleviated by the administration of purified liver extract 
or vitamin B,,.2_ The slight hematologic response which has been observed in 
our pigs following the administration of either purified liver extract or crystal- 
line vitamin B,, may be interpreted as indicating that the animals are also 
partially deficient in vitamin B,». 

The observation that the deficient pigs excrete about 30 to 40 pg of 
‘‘vitamin B,.’’ in the feces daily and that following the administration of 
pteroylglutamie acid there was a decrease in the amount excreted in the feces 
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and an increase in the amount excreted in the urine suggests that under the 
conditions of the deficiency the absorption of vitamin B,. may be impaired. 
This possibility was suggested in our earlier report? for still other reasons. 
Further studies along these lines are indicated. 

A close relationship between pteroylglutamic acid and nucleic acid 
metabolism has been demonstrated by a number of investigators.**?7 Under 
the conditions of the experiments reported in this paper as well as in the 
earlier one,” little or no hemopoietic response was observed following the ad- 
ministration of adenine, uracil, or thymine. Furthermore, vitamin B,, in ad- 
dition to thymine was ineffective in replacing the need for pteroylglutamie 
acid. The partial response to crude commercial desoxyribonucleie acid and 
ribonucleic acid is difficult to interpret. Both of these preparations contained 
“folie acid’’ activity for L. casei. Whether the preparations actually contained 
pteroylglutamic acid or a related compound or whether the activity was ac- 
tually due to a degradation product of the nucleic acids is impossible to state. 
Hodson,** using somewhat purer preparations of desoxyribonucleic acid and 
ribonucleic acid, found that desoxyribonucleic acid possesses ‘‘folie acid’’ 
activity for both L. casei and Streptococcus faecalis, whereas ribonucleic acid 
possessed no such activity for either organism. 

There is now considerable evidence indicating an interrelationship be- 
tween the metabolism of pteroylglutamie acid and ascorbie acid. Johnson and 
Dana*® have reported that the administration of ascorbic acid to pteroyl- 
glutamic acid deficient rats results in an acceleration of growth, alleviation of 
the leucopenia, and an increase in the nucleated red cells in the peripheral 
blood. May, Nelson, and Salmon*? have observed that a chronic deficiency 
of ascorbic acid in monkeys results in a macrocytic megaloblastic anemia 
which responds promptly to the administration of pteroylglutamie acid. When 
ascorbic acid was administered relatively early in the disease, the peripheral 
blood and bone marrow were restored to normal. Megaloblastic anemia has 
heen described frequently as a complication of scurvy.* It has been reported 
by Dietrich, Nichol, Monson, and Elvehjem*? that in the chick ascorbic acid 
stimulates the in vivo synthesis of pteroylglutamic acid. Finally, it has been 
demonstrated experimentally that either pteroylglutamie acid or ascorbic acid 
corrects the abnormal metabolism of tyrosine in the scorbutie guinea pig,*" 
that livers from rats deficient in pteroylglutamic acid have a lowered capacity 
to oxidize tyrosine,** and that the metabolism of tyrosine is altered in patients 
with pernicious anemia in relapse.*® 

Under the conditions of our experiments in pigs, no relationship was found 
between pteroylglutamic acid and ascorbic acid or tyrosine metabolism. The 
administration of ascorbic acid did not elicit a hematologic or growth response 
(except in one animal) ; whole blood and plasma ascorbic acid levels were not 
reduced in the deficient pigs; ‘‘tyrosyl’’ excretion in the urine was not in- 
creased; the administration of either ascorbic acid or pteroylglutamie acid 
failed to reduce the ‘‘tyrosyl’’ excretion below normal; and ascorbie acid 
failed to decrease the “tyrosyluria” which followed the oral administration 
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of large doses of tyrosine. The slight hemopoietic response which followed 
the administration of tyrosine is difficult to explain. Since the animals were 
on a low-protein diet, they may have been somewhat deficient in tyrosine. On 
the other hand, Jacobson and Subbarow” isolated l-tyrosine from crude liver 
extract and reported that this amino acid increased the therapeutic activity 
of their ‘‘primary anti-pernicious anemia factor.’’ 

As pointed out in the previous paper? the experimental pig anemia cor- 
responds closely to the pteroylglutamic acid-responsive, liver-refractory 
megaloblastic anemias described in human subjects; namely, tropical mae- 
rocytic anemia, macrocytic anemia of pregnancy, achrestic anemia, and 
refractory megaloblastic anemia. Like the pig anemia, these clinical con- 
ditions are not accompanied by neurological disturbances or achlorhydria, 
and evidences of increased hemolysis may or may not be present. Since 
nutritional macrocytic anemia is reported to respond to Marmite*’ and 
refractory megaloblastic anemia responds to proteolyzed liver,*® the hemo- 
poietic activity of these two preparations was tested in our animals. Both 
preparations were administered to the pigs in approximately the same dosage 
(0.5 Gm.) per kilogram of body weight as has been found to be effective in 
the treatment of the clinical anemias. Proteolyzed liver in this dose mani- 
fested definite activity but did not completely alleviate the anemia. Marmite 
showed slight activity but less than proteolyzed liver in spite of the fact that 
Marmite contained seven to eight times more folie acid than proteolyzed liver 
as determined by microbiological assay. Since the animals were continued on 
the antagonist, greater amounts than those used clinically may be necessary 
to elicit a complete response. The possibility also exists that Marmite and 
proteolyzed liver may contain hemopoietic factors in addition to pteroyl- 
glutamie acid which contribute to the clinical effectiveness but which are 
not needed by pigs under these experimental conditions. Indeed, Davidson 
and Girdwood*®® have suggested, on the basis of the relatively low folie acid 
content of proteolyzed liver and its effectiveness clinically after folic acid has 
ceased to be effective, that there exists in this type of liver preparation an 
as yet undiscovered antianemic principle which is distinct from either Ana- 
haemin or folie acid. 

SUMMARY 


Further studies on the macrocytic anemia of pteroylglutamic acid de- 
ficient swine are presented. 

Under the conditions of these experiments a slight and definitely sub- 
optimal hemopoietic response was observed following the administration of 
erystalline vitamin B,., proteolyzed liver, Marmite, crude desoxyribonuclei¢ 
acid, and crude ribonucleic acid. The administration of thymine in addition 
to erystalline vitamin B,. did not appreciably augment the activity of the 
vitamin. Histidine failed to elicit consistently an appreciable hemopoietic 
response. 

No relationship was found between pteroylglutamie acid and ascorbic acid 
or tyrosine metabolism. The administration of ascorbic acid did not elicit 
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a hematologic or growth response; whole blood and plasma ascorbic acid levels 
were not reduced in the deficient pigs; ‘‘tyrosyl’’ excretion in the urine was 
not increased; the administration of either ascorbic acid or pteroylglutamie 
acid failed to reduce the ‘‘tyrosyl’’ excretion below normal; and ascorbie acid 
failed to decrease the ‘‘tyrosyluria’’ which followed the administration of 
large doses of tyrosine. However, the administration of large doses of tyrosine 
was consistently followed by a slight hemopoietic response. 


The experimental macrocytic anemia is accompanied by a decrease in 
free erythrocyte protoporphyrin, an increase in plasma iron, and a normal 
level of plasma copper. 


Under the conditions of these experiments pteroylglutamie acid deficient 
pigs exereted 30 to 40 pg of ‘‘vitamin B,.’’ in the feces daily. Following the 
administration of pteroylglutamie acid there was a reduction in the amount ex- 
ereted in the feces and an increase in the amount excreted in the urine. 

The administration of large doses of 4-amino-pteroylglutamic acid re- 
sulted in the rapid development of normocytic anemia, leucopenia, and changes 
in the nucleated red cells in the marrow identical with those following the 
more prolonged administration of the crude methyl! antagonist. 


It is pointed out that the experimental anemia in swine which is described 
here has more similarities to refractory megaloblastic and to achrestie anemia 
in man and to many instances of tropical macrocytic anemia, megaloblastic 
anemia of infancy, and ‘‘pernicious anemia’’ of pregnancy than to addisonian 
pernicious anemia. 


Thiamine hydrochloride, riboflavin, nicotinic acid, pyridoxine hydrochloride, calcium 
pantothenate, choliae chloride, and crystalline vitamin B, (Cobione) were kindly furnished by 
Merck & Company, Inc., Rahway, N. J., through the courtesy of Dr. A. Gibson. 

Pteroylglutamic acid, crude methyl-folic acid antagonist, 4-amino-pteroylglutamic acid, 
and the solution of animal protein factor (APF-60, Lot No. 7-1110-4A) were obtained through 
the courtesy of Dr. T. H. Jukes, Lederle Laboratories, Pearl River, N. Y. 

Sulfasuxidine was generously furnished by Sharp & Dohme, Inc., Philadelphia, Pa., 
through the courtesy of Dr. W. A. Feirer. 

Biotin was supplied by Dr. E, L, Sevringhaus, Hoffmann-La Roche, Inc., Nutley, N. J. 

Natola and 4-amino, 2-methyl naphthol hydrochloride (Synkamin) were obtained from 
Parke, Davis & Co., Detroit, Mich., through the courtesy of Dr. E. A. Sharp and Dr. E. C. 
Vonder Heide. 

The proteolyzed liver (Hepamino) was obtained through the kindness of Dr. D. Riding, 
The Evans Biological Institute, Runcorn, Cheshire, England. 

Marmite (concentrated extract obtained from yeast by autolysis and flavored with 
vegetables) was generously furnished by The Marmite Food Extract Company, Ltd., Walsing- 
ham House, Seething Lane, London, E. C. 3, through the courtesy of Mr. BE. M. Pam. 

We are indebted to Miss Jean Robinson, Mr. George Trappett, and Mr. Ocie Hadley 
for technical assistance. 

REFERENCES 

1. Cartwright, G. E., Fay, J., Tatting, B., and Wintrobe, M. M.: Pteroylglutamic Acid 
Deficiency in Swine; Effects of Treatment With Pteroylglutamic Acid, Liver Ex- 
tract, and Protein, J. LAB. & CLIN. MED. 33: 397, 1948. 

. Cartwright, G. E., Tatting, B., Ashenbrucker, H., and Wintrobe, M. M.: Experimental 
Production of a Nutritional Macrocytic Anemia in Swine, Blood 4: 301, 1949. 

3. Wintrobe, M. M., Miller, J. L., and Lisco, H.: The Relation of Diet to the Occurrence 
of Ataxia and Degeneration in the Nervous System of Pigs, Bull. Johns Hopkins 
Hosp. 67: 377, 1940. 

4. Roe, J. H., and Kuether, C. A.: Determination of Ascorbic Acid in Whole Blood and 
Urine Through the 2,4-Dinitrophenylhydrazine Derivative of Dehydroascorbic 

Acid, J. Biol. Chem. 147: 399, 1943. 


bo 





























































§92 


. Grinstein, M., and Watson, C. J.: 


. Folin, O., and Ciocalteu, V.: On Tyrosine and Tryptophane Determinations in Proteins 


12. 


13. 
14, 


26 


29 


CARTWRIGHT, PALMER, TATTING, ASHENBRUCKER, AND WINTROBE 





Studies of Protoporphyrin. III. Photoelectric and 
Fluoro-Photometric Methods for Quantitative Determination of Protoporphyrin in 
Blood, J. Biol. Chem. 147: 675, 1943. 


3. Cartwright, G. E., Jones, P. J., and Wintrobe, M. M.: A Method for the Determina- 


tion of Copper in Blood Serum, J. Biol. Chem. 160: 593, 1945. 


. Barkan, G., and Walker, B. 8.: Determination of Serum Iron and Pseudohemoglobin 


Iron With’ o-Phenanthroline, J. Biol. Chem. 135: 37, 1940. 


? 


J. Biol. Chem. 73: 627, 1927. 


9. Medes, G.: A New Error in Tyrosine Metabolism: Tyrosinosis. The Intermediary 


Metabolism of Tyrosine and Phenylalanine, Biochem. J. 26: 917, 1932. 


. Levene, 8. Z., Marples, E., and Gordon, H. H.: A Defect on the Metabolism of Tyrosine 


and Phenylalanine in Premature Infants. I. Identification and Assay of Inter- 
mediary Products, J. Clin. Investigation 20: 199, 1941. 


. White, W. F., Mote, J. R., and Hays, E. E.: A Preliminary Study of the Relationship 


Between Lactobacillus lactis Dorner Response and Clinical Anti-Pernicious Anemia 
Activity of Liver Extracts, Blood 4: 1357, 1949. 

Shorb, M. 8.: Unidentified Growth Factors for Lactobacillus lactis in Refined Liver 
Extracts, J. Biol. Chem. 169: 455, 1947. 

Hall, D. A.: A Natural Precursor of the Folic Acid Complex, Nature 162: 178, 1948, 

Davis, L. J., Davidson, L. 8S. P., Riding, D., and Shaw, G. E.: Treatment of Per- 
nicious Anemia With an Experimental Proteolyzed Liver Preparation, Brit. M. J. 
1: 655, 1943. 


. Heinle, R. W., Welch, A. D., and Pritchard, J. A.: Essentiality of Both the Anti- 


pernicious Anemia Factor of Liver and Pteroylglutamic Acid for Hematopoiesis 
in Swine, J. Las. & Chin. MED. 33: 1647, 1948. 


3. Heinle, R. W., Welch, A. D., and Shorr, H. L.: Interrelation of Pteroylglutamic Acid 


and Vitamin B, in Induced Anemia of Swine, J. Las. & CLIN. MED, 34: 1763, 
1949. 


. Cartwright, G. E., and Wintrobe, M. M.: Studies on Free Erythrocyte Protoporphyrin, 


Plasma Copper, and Plasma Iron in Protein-Deficient and Iron-Deficient Swine, 
J. Biol. Chem. 176: 571, 1948. 


. Cartwright, G. E., and Wintrobe, M. M.: Studies on Free Erythrocyte Protoporphyrin, 


Plasma Copper, and Plasma Iron in Normal and in Pyridoxine-Deficient Swine, 
J. Biol. Chem. 172: 557, 1948. 


. Cartwright, G. E., Huguley, C. M., Ashenbrucker, H., Fay, J., and Wintrobe, M. M.: 


Studies on Free Erythrocyte Protoporphyrin, Plasma Iron, and Plasma Copper in 
Normal and Anemic Subjects, Blood 3: 501, 1948. 


. Berman, L., Axelrod, A. R., Vonder Heide, E. C., and Sharp, E, A.: Use of a Folic 


Acid Antagonist in Chronic Leukemia, Am. J. Clin. Path. 19: 127, 1949. 


. Thiersch, J. B.: Bone Marrow Changes in Man After Treatment With Aminopterin, 


Amethopterin, and Aminoanfol. With Special Reference to Megaloblastosis and 
Tumor Remission, Cancer 2: 877, 1949. 


. Stickney, J. M., Hagedorn, A. B., Mills, S. D., and Cooper, T.: Changes in Blood and 


Bone Marrow in Acute Leukemia Induced by Aminopterin, J. Las. & CLIN. MED. 
33: 1481, 1948. 


. Thiersch, J. B., and Philips, F. 8.: Effects of 4-Amino-Pteroylglutamie Acid in Dogs 


With Special Reference to Megaloblastosis, Proc, Soc. Exper. Biol. & Med. 71: 
484, 1949. 


. Prusoff, W. H., Teply, L. J., and King, ©. G.: The Influence of Pteroylglutamic Acid 


on Nucleic Acid Synthesis in Lactobacillus casei, J. Biol. Chem. 176: 1309, 1948. 


. Rogers, L. L., and Shive, W.: Biochemical Transformations as Determined by Com- 


petitive Analogue-Metabolite Growth Inhibitors. VII. Relationship of Purines 
and Thymine to Folie Acid, J. Biol. Chem. 172: 751, 1948. 

Wright, L. D., Skeggs, H. R., and Huff, J. W.: The Ability of Thymidine to Replace 
Vitamin B, as a Growth Factor for Certain Lactobacilli, J. Biol. Chem. 175: 475, 
1948. 


. Lampen, J. O., and Jones, M. J.: The Growth-Promoting and Antisulfonamide Ac- 


tivity of p-Aminobenzoie Acid, Pteroylglutamic Acid, and Related Compounds for 
Lactobacillus arabinosus and Streptobacterium plantarum, J. Biol. Chem. 170: 133, 
1947. 


. Hodson, A. Z.: Compounds With ‘‘Folie Acid’’ Activity, Arch. Biochem. 21: 330, 


1949, , 
Johnson, B, C., and Dana, A. 8.: Ascorbic Acid Therapy of Pteroylglutamic Acid- 
Deficient Rats, Science 108: 210, 1948. 


. May, C. D., Nelson, E. N., and Salmon, R. J.: Experimental Production of Megalo- 


blastic Anemia; An Interrelationship Between Ascorbic Acid and Pteroylglu- 
tamic Acid, J. Las. & CLIN. MED. 34: 1724, 1949. 















NUTRITIONAL MACROCYTIC ANEMIA IN SWINE 693 


. May, C. D., Nelson, E. N., Salmon, R. J., Lowe, C. U., and Lienke, R. I.: Experimental 
Production of Megaloblastic Anemia in Relation to Megaloblastic Anemia in In- 
fants, Bull. Univ. Minn. Hosp. 221: 208, 1950. 


32. Dietrich, L. S., Nichol, C. A., Monson, W. J., and Elvehjem, C. A.: Observations on 


the Interrelationship of Vitamin B,,, Folic Acid, and Vitamin C in the Chick, 
J. Biol. Chem. 181: 915, 1949. 

3. Woodruff, C. W., Cherrington, M. E., Stockell, A. K., and Darby, W. J.: The Effect of 
Pteroylglutamie Acid and Related Compounds Upon Tyrosine Metabolism in the 
Scorbutic Guinea Pig, J. Biol. Chem. 178: 861, 1949. 

. Rodney, G., Swendseid, M. E., and Swanson, A. L.: The Role of Pteroylglutamie Acid 
in Tyrosine Oxidation by Rat Liver Tissue, J. Biol. Chem. 179: 19, 1949. 

. Swendseid, M. E., Wandruff, B., and Bethell, F. H.: Urinary Phenols in Pernicious 
Anemia, J. LAB. & CLIN. MED, 32: 1242, 1947. 


36. Jacobson, B. M., and Subbarow, Y.: Studies on the Principle in Liver Effective in 


Pernicious Anemia. VI. Recent Advances in the Purification of Active Substances, 
J. A. M. A. 116: 367, 1941. 

. Wills, L.: Pernicious Anemia, Nutritional Macrocytic Anemia, and Tropical Sprue, 
Blood 3: 36, 1948. 


38. Davidson, L. S. P.: Refractory Megaloblastic Anemia, Blood 3: 107, 1948, 
39. Davidson, L. S. P., and Girdwood, R. H.: Folie Acid in the Treatment of Megalo- 








blastic Anaemia, Lancet 2: 373, 1946. 











FURTHER INVESTIGATION ON THE EFFECT OF VITAMIN B,, 
CONCENTRATE UPON HEPATIC INJURY PRODUCED BY 
CARBON TETRACHLORIDE 


DieteR Kocu-WeEseEr, M.D.,* Pauu B. Szanto, M.D., EMMANUEL FARBER, 
M.D., Pu.D.,t AND Hans Popper, M.D., Pu.D. 
CuHIcaGco, ILL. 


PRELIMINARY report on the protective effect of vitamin B,, con- 

centrate upon hepatic injury by carbon tetrachloride has been published! 
and confirmed using concentrate? and crystalline vitamin B,..2 It was empha- 
sized that the doses used were very large. The mechanism of protection was 
tentatively related to an effect of this vitamin on cytoplasmic pentosenucleiec 
acid. In view of the possible therapeutic value of vitamin B,, in liver injury, 
it appeared indicated to extend the reported studies by using smaller doses, 
by giving the vitamin after the CCl, as a therapeutic rather than protective 
measure, by setting up a mortality experiment, and by performing additional 
biochemical determinations on the liver to confirm the histologic findings. 


METHODS 


Including the animals reported in the preliminary publication, 202 female rats, 2 to 
4 months old, were used in three types of experiments. Females were used to obtain uni- 
form experimental conditions. A standard diet, Purina Dog Chow Checkers, was used, 

A,—Of 115 animals fed ad libitum before and throughout the experiment, 62 were 
divided into four groups and received 15, 10, 2.5, and 1 wg respectively of vitamin B, con- 
centrate (as Rubramin){ per 100 grams of body weight. The various amounts, in four 
divided doses, were given on four consecutive days by subcutaneous injection. Simul- 
taneously with the last dose they received intraperitoneally 0.033 ¢.c. of CCl, in 1 cc. 
mineral oil per 100 grams of body weight. 

Another seven animals received 30 wg and eight animals received 15 wg of vitamin 
B, concentrate in four divided doses given six, twelve, twenty-four, and thirty-six hours 
after the administration of the same amount of CC\,. 

An additional thirty-one animals received CCl, without vitamin B, and seven were 
used as untreated controls. 

The animals were sacrificed forty-eight hours after the administration of the CCl,, 
and for the evaluation of the liver damage the following information was obtained. 

1. Bromsulfalein retention. Immediately before sacrificing the animal, the serum 
bromsulfalein concentration was determined‘ in blood obtained by heart puncture or bleed- 
ing from the abdominal aorta thirty minutes after intraperitoneal administration of 5 mg. 
of dye per 100 grams body weight. The results were expressed in milligrams of BSP per 
100 ¢.c. of serum. 
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2. The liver weight in grams per 100 grams initial body weight (body weight at the 
time of administration of CCl,). The initial body weight was used because of weight loss 
in the experimental group as compared with controls. In the fasted animals, the weight 
at the time of removal of the food was used. 


3. The total liver lipids. An aliquot of liver, ground with anhydrous sodium sulfate, 
was extracted with absolute alcohol in early experiments or with chloroform in the later 
ones. The residue, after evaporation of the solvent, was re-extracted with petroleum 
ether. The lipid residue was measured gravimetrically after removal of the petroleum 
ether. Both organic solvents in parallel determinations extracted the same amount of 
lipids. The results are recorded both in grams per 100 grams liver and milligrams per 
100 grams initial body weight. 

4, Histologic examination. Frozen sections of the liver were made from Formalin- 
fixed material and stained with sudan III or IV. Paraffin sections of Carnoy-fixed ma- 
terial were stained with hematoxylin-eosin and methyl green-pyronin, the latter controlled 
- by specific digestion with ribonuclease. Sections were incubated at 60° C. for three hours 





5 in a 0.1 per cent erystalline ribonuclease (Armour Laboratories) buffered with sodium 
e barbital to a pH of 6.75. 
; B.—For additional biochemical determinations forty-one animals were divided into 
: four groups. They were fasted for sixty hours before sacrifice. The first group received 
” 15 ug of vitamin B,, per 100 grams body weight in four daily doses subcutaneously; the 
€ second, 0.033 ¢.c. of CCl, per 100 grams body weight intraperitoneally; the third, the same 
1 amounts of both with the vitamin B, given before the CCl,; while the fourth were un- 
treated controls. Beside the determinations listed under A, aliquots of the liver homogenate 
were examined for alkaline phosphatase (Bodansky,5 with slight modifications), esterase 
(Gomori®), and total nitrogen by micro-Kjeldah!. In the same homogenate the total nu- 
. cleic acids and the pentosenucleic acids were determined, using the phosphorus determina- 
2 tion of Schmidt and Thannhauser.? The phosphorus from phosphoprotein was not determined 
. separately, because its amount in normal rat liver tissue is insignificant.7 Furthermore, 
4 simultaneous determinations in this laboratory of pentosenucleic acid as pentose’ permitted 
: the same conclusion.® 


C.—To determine whether vitamin B,, decreases the mortality rate of animals in- 
, jected with CCl,, twenty-two rats (divided into seven groups) received 15 wg of vitamin 
B, daily for four days and, simultaneously, with the last dose, from 0.025 to 0.8 e.c. CCl, 


> per 100 grams body weight intraperitoneally. Seven identical groups received the same 
” amounts of CCl, without preceding treatment. 
Ts 
RESULTS 
re Rats intoxicated with CCl, and treated on preceding days with 15 pg 
" of vitamin Bis concentrate showed less bromsulfalein retention and less in- 
crease in liver weight and total liver lipids than rats which received the CCl, 
ia without vitamin B,, concentrate. There were no significant differences in 
d- these determinations between fasted and fed rats in either group (Table I). 
IB: Vitamin B,, given after the administration of CCl, failed to influence the 
“a structural or functional changes, even in doses of 30 micrograms. With 10 pg 
of vitamin B,, concentrate there was only an insignificant protection and 
of small doses were entirely ineffective (Table 1). 





mn. The histologic observations confirmed the chemical analysis just pre- 
sented. The CCl,-intoxicated rats (Figs. 1, B, and 2, B) showed accumulation 
of fat in the form of large droplets in the liver cells, chiefly in the midzonal and 
ith peripheral parts of the lobule, and hydropic swelling of scattered cells mainly 
in the midzonal area around a central zone of eosinophilic necrosis. The 
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central zone was infiltrated with histiocytes; the liver cell fragments, devoid 
of pyroninophilia, were still present. Animals treated with vitamin B,. con- 
centrate and intoxicated with CCl, (Figs. 1, C, and 2, C) showed less fat 
(mainly distributed around the necrotic area) than intoxicated animals with- 
out treatment, but more than normal controls. The centrolobular necrotic 
area was significantly smaller and cells with hydropic degeneration, though 
usually present, were noticeably decreased in the protected animals. 

The decrease of cytoplasmie pyroninophilia in the intoxicated and the 
preservation of the same in the protected animals, previously reported,’ was 
again noted (Fig. 3). The chemical analysis, however, did not run parallel 
in that an increase in the amount of total nuclei¢ acids, as well as in pen- 
tosenucleic acid, was found. Vitamin B,. concentrate did not increase the 
values over those obtained in the untreated controls, and given prior to the 
CCl, it failed to change significantly the values obtained after CCl, alone. 
The amount of desoxypentosenucleic acids remained essentially unchanged in 
all groups. 

The total liver N was not significantly altered by administration of CCl, 
or treatment with vitamin B,, concentrate. The marked rise in alkaline phos- 
phatase and the sharp drop in esterase in the liver produced by the admin- 
istration of CCl, was partially inhibited by previous treatment with vitamin 
0 (Table IT). 

Preceding treatment with 15 pg of vitamin B,. concentrate increased 
markedly the lethal dose of CCl, (Table 111). The protection with the levels 
between 0.2 and 0.8 ¢.c. was not complete, but the survival was significantly less 
in the untreated animals. 


TABLE JIT. Mortanity RATE OF RATS 96 Hours AFTER ADMINISTRATION OF CCl,, WITH AND 
WITHOUT PREVIOUS TREATMENT WITH 15 wG OF VITAMIN B,, CONCENTRATE 























(c.c./100 GM. BODY WEIGHT) TREATED l “UNTREATED 

0.25 073 0/3 
0.05 0/3 0/3 
0.1 0/3 Lye 
0.2 1/3 2/4 
0.3 1/3 2/3 
0.4 1/4 3/4 

, 0.8 1/3 3/3 

Total 4/22 11/23 

DISCUSSION 


Vitamin B,. concentrate has been found to exhibit, in addition to its 
hematopoietic activity, several other effects. A considerable protecting effect 
of vitamin B,. upon some features of the CCl, intoxication in rats was re- 
ported in a preliminary paper! and confirmed in this more extended investiga- 
tion. Since the mechanism of the CCl, intoxication is not fully understood, 
it is difficult to interpret the mechanism of action of any protecting agent. 
Despite this, an attempt to evaluate the effect of vitamin B,, concentrate 
upon the two outstanding features of the CCl, injury, the fat accumulation in 
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and the necrosis of the liver cells, is indicated. Vitamin B,, concentrate pre- 
vents mainly the increase of fat in the liver cells as recognized by both chem- 
ical and histologic methods. Its effect upon BSP retention can be considered 
as an expression of the same phenomenon since other experiments’ have 
shown that fatty infiltration without necrosis is associated with BSP reten- 
tion. This effect may possibly be due to interference with intralobular circu- 
lation by the liver cells enlarged by the fat accumulation. Once the intoxica- 
tion has taken place, vitamin B,. concentrate is ineffective and it can, there- 
fore, be assumed that it has no part in the removal of excess fat from the liver 
under these conditions. Therefore, its sparing effect on choline’? and its 
presumed part in the transmethylation process'**7 cannot be invoked to ex- 
plain its action in CCl, poisoning. Moreover, the established lipotropiec 
agents, choline and methionine, have ameliorating effect on CCl, intoxication 
only when the rats are on low-protein diet.1* 


The effectiveness of vitamin B,, concentrate against the necrotizing action of 
CCl, is less conspicuous. It is, however, clearly indicated by the histologic piec- 
ture and can be inferred from the partial prevention of the decline in esterase 
and the increase in phosphatase in the liver tissue. These enzyme changes, chem- 
ically determined, run parallel to the histologic appearance of necrosis in the 
liver parenchyma and are not produced by fat infiltration alone.2° Further evi- 
dence for the effect upon necrosis is given by the increased survival of the 
animal as a result of the treatment with vitamin B,. concentrate. 

The chemical determinations of nucelie acids and specifically of pentosenu- 
cleic acids failed to confirm the microscopically observed decrease in pyronino- 
philia after CCl, intoxication and its prevention by vitamin B,,. The pyronino- 
philia, especially if controlled by specific digestion, is supposed to indicate 
cytoplasmic ribonucleic acid. The same discrepancy between pyroninophilia 
and nucleic acid content was observed in investigations on fatty livers without 
necrosis.2 The decrease in pyroninophilia runs parallel with the appearance 
of fat and necrosis in the liver cell cytoplasm without corresponding changes 
in the amounts of nucleic acids chemically determined. Possibly vitamin By, 
concentrate, by decreasing fat accumulation and necrosis, preserves part of the 
pyroninophilia. These results do not support the original hypothesis (which 
stimulated this investigation) that vitamin B,, concentrate owes its protective 
effect in CCl, intoxication to a stimulation of the formation of nucleic acids. 
However, a primary effect upon the pyroninophilie nucleic compounds is still 
not completely excluded. Moreover, the original assumption is losing still 
more support by the fact that vitamin B,, concentrate in untreated controls 
does not increase the amount of pentosenucleic acid or total nucleic acids. 
Further investigations are in progress on the relationship between pyronino- 
philia and nucleic acid content under pathologic conditions.°® 

A vascular effect has been suggested’® *° as the mechanism for the 
hepatie injury produced by CCl,. Vitamin B,. concentrate in the large doses 
required may act as a vasodilator, as has been suggested,”! in the same fashion 
as some purines do. The latter, besides being vasodilators, also prevent 
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hepatic damage due to CCl],.?” 2% 24 Possibly the beneficial results upon CCl, 
intoxication obtained with liver extracts are not only due to the xanthine but 
also to their vitamin B,, content. 

Whether the effect of vitamin B,, concentrate in hepatic injury due to 
CCl, is on the basis of vasodilation or directly upon the hepatic cell itself, 
the large dose required in comparison with the normal physiologic require- 
ments, as in hematcpoiesis, indicates a pharmacologic rather than vitamin 
action. Still, in comparison to the other substances acting upon hepatie in- 
jury, it is very potent by unit weight. In addition to its activity as a hemato- 
poietic, lipotropic, and growth factor, the presented studies describe an effect 
of vitamin B,. concentrate upon one form of hepatic injury, the mode of action 
being still questionable. Whether this effect has clinical applications remains 
to be seen. Possibly the reported beneficial effect of liver extracts in hepatic 
diseases—though surely erratic, if present at all—may in part be due to their 
content of vitamin By». 


SUMMARY 


In confirmation of a preliminary report it was shown that rats intoxicated 
with carbon tetrachloride showed less bromsulfalein retention, increase in 
liver weight and total liver lipids, rise in hepatic alkaline phosphatase, and 
drop in hepatic esterase if they were treated prior to the intoxication with 
15 pg of vitamin B,. concentrate. However, the changes were not entirely 
prevented. Smaller doses of vitamin B,. concentrate were not effective. 


Histologically, the vitamin B,, concentrate-treated rats showed less fatty 
metamorphosis and central necrosis as well as less loss of pyroninophilia than 
untreated rats intoxicated with carbon tetrachloride. However, the reduction 
in pyroninophilia did not run parallel with the decrease in the content of 
pentose and total nucleic acids as determined chemically. 

Administration of vitamin B,. concentrate after carbon tetrachloride was 
ineffective, even with large doses. 

Prior administration of vitamin B,, increased significantly the lethal dose 
of carbon tetrachloride. 

Vitamin B,. concentrate, therefore, seems to be effective against fatty 
metamorphosis as well as necrosis produced by carbon tetrachloride. The 
mechanism of this protective action is not established. The presented studies 
do not lend support to the original hypothesis of a primary effect upon nucleic 
acid and are somewhat more in keeping with a pharmacologic vasodilator ac- 
tion. The effect may partly explain reported beneficial effects of liver ex- 
tracts in hepatie diseases. 
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STUDIES OF LIVER FUNCTION TESTS 
I. A COMBINED INTRAVENOUS BROMSULFALEIN-HIPPURIC ACID-GALACTOSE TEST 


LESLIE ZIEVE, M.D., Earu Hitt, M.D., AND SAMUEL Nespirr, M.D. 
MINNEAPOLIS, MINN. 


i” ER function tests may be divided arbitrarily into two broad groups: those 
in which some change is looked for in a normal component of the blood, 
urine, feces, or bile, and those in which a substance is given (preferably intra- 
venously) and its rate of removal by the liver measured. There are essentially 
five representative substances available for measuring the latter relatively more 
dynamic functions of the liver, namely, bromsulfalein, galactose, sodium ben- 
zoate, bilirubin, and stercobilin. The first three have been extensively applied 
in certain laboratories, the latter two infrequently. The bromsulfalein test is 
the only one of the five in general use. We believe the others are not used as 
frequently for one or more of the following reasons: (a) doubt as to value of 
the test, (b) expense and difficulty of getting materials, (¢) complexity of the 
laboratory determination, and (d) time consumed in performing the test. Ex- 
perience with the first three tests led us to doubt the applicability of objections 
a, b, and ¢ to them, and to preclude d by conducting the tests simultaneously. 


Conducting intravenous bromsulfalein, hippurie acid, and galactose tests simul- 
taneously presented the possibility also of additionally taxing the liver’s reserve, 
thereby increasing the sensitivity of the tests. The present experiment was un- 
dertaken, therefore, to compare the results of performing the three tests sep- 
arately and combined in normal subjects and in patients with liver disease. 


METHODS 


Preparation of Solutions.—Bromsulfalein, galactose, and sodium benzoate are relatively 
toxic substances and have to be injected slowly in the concentrated form that is ordinarily 
used. It was found that dilution of a mixture of standard doses of the three substances up 
to 400 ¢.c. with saline prevented any reaction, local or general. There was no chemical 
change in the substances on mixing. The solutions were usually mixed and diluted to 400 
¢.¢ shortly before they were injected. In patients in whom saline was contraindicated, 5 
per cent glucose in distilled water was used as diluent. The solution was given intravenously 
through a No. 18 needle and took five to ten minutes to run in. 

Sodium benzoate was prepared from the U.S.P. powder commonly available, at a cost 
of 0.2¢ per dose. An 8.85 per cent solution designed to give 1.77 Gm. in 20 ¢.c. was pre- 
pared, sterilized by autoclaving or ultrafiltering through a Seitz filter, and stored in 4 oz. 
bottles. Twenty cubic centimeters was the dose given each patient. 
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Bromsulfalein was prepared from the powder. A 5 mg. per cubic centimeter solution 
was prepared as needed, sterilized by autoclaving or ultrafiltering, and stored in liter bottles. 
A dose of 1 c.c. per kilogram (5 mg. per kilogram) was given each patient. 

Galactose was prepared from the chemically pure powder. A 0.5 Gm. per cubic centi- 
meter solution was prepared as needed, sterilized by filtering through a Seitz ultrafilter, and 
stored in liter bottles in an incubator at 37° C. A dose of 1 ¢.c. per kilogram (0.5 Gm. per 
kilogram) was given each patient. 

Performance of Tests.—On successive days each of the three tests was given separately 
to each patient and on the fourth day all were given combined. The sequence was: first 
day, hippuric acid; second day, bromsulfalein; third day, galactose; fourth day, combination. 
Bromsulfalein and galactose determinations were made at forty-five minutes. The forty-five 
minute time interval for the galactose test was used for convenience. Since this experiment 
was completed, we have accumulated data to be published later indicating that the optimum 
time interval for the galactose determination is sixty minutes. Bromsulfalein was measured 
as per cent retention, galactose as concentration in milligrams per cent. Hippuric acid was 
determined on a sixty-minute urine specimen, results being recorded as grams of hippuric 
acid excreted. 

Laboratory Determinations.—Bromsulfalein, at the time of this experiment, was deter- 
mined on serum from which proteins were precipitated with triethyl phosphate. This use of 
a protein precipitant, though satisfactory for the purposes of this communication, was aban- 
doned because we found that 50 per cent of the dye is precipitated with the protein in normal 
individuals, and a variable percentage, generally less than half, is precipitated with the 
protein in abnormal patients. 

Hippuric acid was determined by a method combining the advantages of the various 
techniques reported in the literature.1,2,4,5 In essence, ammonium sulfate was used to 
enhance precipitation, and the quantity of hippuric acid was measured by titration with 
NaOH. There was never any difficulty with precipitation. 

Following a suggestion of Somogyi,3 galactose was determined simply by a method 
which utilized a Folin-Wu filtrate from which glucose was fermented in the process of pre- 
paring the filtrate. The protein-free filtrate was then analyzed for nonfermentable reducing 
substances by Benedict’s method. A fasting and a forty-five minute specimen were run 
simultaneously, the galactose concentration being obtained from the difference. 

Case Material.—Initially the serial tests were attempted on twenty-eight normal and 
thirteen abnormal subjects. The complete sequence, however, could not be obtained on 
every patient. The normal subjects were patients on the neurology and psychiatry services 
with no evidence of liver disease. Their mean age was 35 years (range, 22 to 59); mean 
weight, 155 lb. (range, 124 to 196). 

The abnormal subjects consisted of eight patients with moderately severe or severe 
liver disease (all had cirrhosis except one who had infectious hepatitis) and five patients 
with mild liver disease (including infectious mononucleosis, hepatitis, and passive congestion). 
Their mean age was 39 years (range, 21 to 60); mean weight, 154 lb. (range, 107 to 196). 


RESULTS 

The data on normal subjects are listed in Table I. Comparisons are tab- 
ulated for the bromsulfalein test on nineteen cases, hippuric acid test on twenty- 
four cases, and galactose test on twelve cases. The average bromsulfalein re- 
tention on injection of the dye alone was 2.7 per cent; on injection combined 
with sodium benzoate and galactose, 2.9 per cent. The mean difference was 
—0.2 + 1.06 per cent. The average amount of hippuric acid excreted on injec- 
tion of sodium benzoate alone was 1.08 Gm.; on injection combined with brom- 
sulfalein and galactose, 1.02 grams. The mean difference was 0.06 + 0.18 grams. 
The average galactose concentration on injection of galactose alone was 32.0 mg. 
per cent; on injection combined with bromsulfalein and sodium benzoate, 32.8 
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en TABLE I. TEST RESULTS IN NORMAL SUBJECTS ON SEPARATE AND COMBINED INJECTION OF 
ites, j ‘ BROMSULFALEIN, SODIUM BENZOATE, AND GALACTOSE 
enti- BROMSULFALEIN HIPPURIC ACID GALACTOSE 
and SEP. | COMB. | _ DIFF, SEP. | COMB. | DIFF. SEP. | COMB. | DIFF. 
per 1.5 1.1 0.4 1.24 1.09 15 34.4 31.9 2.5 
3.3 4.5 -1.2 0.81 0.72 .09 37.3 49.7 —12.4 
3.0 2.6 0.4 1.19 1.40 —.21 20.1 24.9 -4.8 
ately 5.0 5.1 -0.1 1.16 1.11 05 68.9 75.6 6.7 
first 3.0 4.3 -1.3 0.87 0.97 —.10 56.3 47.1 9.2 
see. 7.0 4.3 2.7 1.01 1.27 ~,26 7.0 15.7 8.7 
sian 2.2 2.0 0.2 1.14 0.90 24 12.2 17.5 -5.3 
eer 3.8 3.0 0.8 1.21 1.04 Af 9.6 18.5 -8.9 
ment 1:8 4.1 —2.3 0.86 1.05 -.19 18.5 17.6 0.9 
mum 1.4 2.0 —0.6 LST LAs 24 37.7 39.2 -1.5 
ured 4.0 4.0 0 1.18 1.10 .08 57.4 42.6 14.8 
was 1.8 2.0 —0.2 0.65 0.80 —15 24.4 13.8 10.6 
p 1.6 1.4 0.2 1.40 1.09 ol 
aed 4,4 4.4 0 1.03 1.11 —.08 
1.4 2.6 —1.2 0.85 0.58 By 6 
eter- 1.2 2.2 —1.0 0.96 1.07 -.11 
— 1.6 1.5 0.1 1.33 1.09 24 
1.4 2.5 —1,1 1.18 1.29 -—11 
ban- 1.2 2.0 0.8 0.87 0.78 09 
rmal 1.30 pee BY I 
the 1.10 0.76 34 
1.25 00 -.10 
7 1.10 0.84 26 
— 0.84 0.80 04 
d to Ay.2.7 2.9 0.2 1.08 1.02 06 32.0 32.8 -0.8 
with See ies 
thod mg. per cent. The mean difference was —0.8 + 8.60 mg. per cent. The results 
pre- of the tests of significance of these mean differences are listed in Table III. 
gh It is apparent that none of the differences can be considered significant. 


The data on abnormal patients are listed in Table II. Eight of the thirteen 
and patients had moderately severe or severe liver disease. In five the disease was 





es mild at the time of the tests. The mean bromsulfalein retention on separate 
es injection of the dye was 21.1 per cent compared with 19.5 per cent on combined 

injection. The mean difference was 1.6 + 6.35 per cent. All but four of the 
evere patients were nonjaundiced or only slightly jaundiced. Correction of the brom- 
ients sulfalein values for these four patients by a formula® which allows for association 
‘he with the bilirubin level did not alter the results. The average amount of hip- 

purie acid excreted on separate injection of sodium benzoate was 1.14 Gm. com- 

pared with 0.89 Gm. on combined injection. The mean difference was 0.25 + 0.30 
tab- grams. The mean galactose concentration on separate injection of galactose was 
nty- 85.9 mg. per cent compared with 80.6 mg. per cent on combined injection. The 
| Te- Mean difference was 5.3 + 14.12 mg. per cent. Results of the tests of signifi- 
ined cance of these mean differences are also listed in Table III. The differences 
was for the bromsulfalein and galactose tests are insignificant. The mean difference 
1Jec- for the hippurie acid test is significantly greater than zero at the 2 per cent but 
rom- hot at the 1 per cent probability level. In view of the small sample and the 
ams. single significant difference among six comparisons, we feel the difference may 
mg. very well be a chance one, and would prefer a probability level appreciably 


32.8 less than 1 per cent before attaching importance to it. 
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TABLE III. SIGNIFICANCE OF DIFFERENCES BETWEEN RESULTS OF SEPARATE AND COMBINED 
INJECTION FOR NORMAL AND ABNORMAL SUBJECTS 














BROMSULFALEIN HIPPURIC ACID GALACTOSE 
NORMAL | ABNORMAL NORMAL | ABNORMAL NORMAL | ABNORMAL 
Number of cases 19 13 24 12 12 12 
Mean diff. —0.2 1.6 .06 25 —0.8 oe 
S.D. 1.06 6.35 8 30 8.60 14.12 
t 98 94 1.60 2.95 3 1.32 
Pp 0.4-0.3 0.4-0.3 0.2-0.1 .02-.01 0.8-0.7 0.3-0.2 





DISCUSSION 


It is evident that with the one questionable exception of the hippuric acid 
test in abnormal patients* it made no difference on the average in normal or 
abnormal subjects whether the three substances were given separately or com- 
bined. Thus the combined intravenous bromsulfalein-hippurie acid-galactose 
test gives results entirely analogous to the three tests run separately. There 
is no apparent synergistic or competitive action of these three substances in 
the liver. There is also no reason to believe from this data that the liver is 
additionally taxed when handling the three substances simultaneously. 

Using this combination one can accomplish on one day what would or- 
dinarily require at least three days. In a patient with rapidly changing pathol- 
ogy it is the only way of giving these tests under strictly comparable conditions. 

Since the completion of this experiment, the combined test has been used 
over 1,000 times, comprising three-elevenths of a battery of liver function tests 
given routinely during the course of a follow-up survey of hepatitis. There 
have been no untoward reactions of significance. 


SUMMARY 


A method has been devised for giving bromsulfalein, sodium benzoate, and 
galactose intravenously as one injection without discomfort or toxic effect. 

This combined intravenous bromsulfalein-hippurie acid-galactose test gave 
results entirely analogous to the three tests run separately in both normal 
subjects and patients with liver disease. 


The authors gratefully acknowledge their indebtedness to Dr. C, J. Watson who facili- 
tated this and subsequent problems in this series by his interest and support. 
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; *Should this difference on further study be of real significance, the value of the test 
would be enhanced because of increased sensitivity. 





OBSERVATIONS ON THE INFLUENCE OF INTRAVENOUS 
HISTAMINE ON QUALITATIVE PLATELET ACTIVITY 
IN COAGULATION 


STUYVESANT ButLEer, M.D., F. Ricnarp Hau, M.D., ano 
Herywortn N. Sanrorp, M.D. 
Cuicaco, IL. 


AN earlier study? data were obtained on fifteen patients receiving intra- 
venous histamine for the treatment of migraine headaches.? Blood specimens 
were drawn immediately before each injection and after the histamine infusion 
had been in progress for four hours. The technique of Sanford and Leslie’ 
was used for the determination of platelet counts, hematocrits and the coagula- 
tion times of whole blood, platelet-containing plasma (plasma A) and cell-free 
plasma (plasma B). No change in the total number of circulating platelets 
occurred during the course of these histamine injections. There was noted, 
however, a decrease in the coagulation times of whole blood and of both plasma 
fractions. The decrease was from 60 seconds in some eases to 110 seconds in 
others and was interpreted as an increase in the qualitative activity of the 
platelets. 

Since this work was published, eighty additional cases have been studied in 
the same way with an average decrease in the coagulation time of whole blood 
of 12.6 per cent and of each plasma fraction of about 7.5 per cent. It should 
be noted that there is considerable variation in the coagulation times of normal 
human beings from the mean normal coagulation time but that the coagulation 
time of each normal individual is relatively constant. (Table I.) 

As previously reported,* the arrest of spontaneous hemorrhage in hemo- 
philiae boys in a known active bleeding cycle by intravenous histamine admin- 
istration with a decrease of coagulation times to nonbleeding levels but no 
change in the number of circulating platelets was also interpreted as being due 
to increased qualitative platelet activity. 


TABLE I. AVERAGE BLOOD CHANGES NoTepD A¥TER INTRAVENOUS HISTAMINE ADMINISTRATION 
TO 80 PATIENTS WITH MIGRAINE 


ee — 











Whole blood clotting time -12.6% 
Plasma A clotting time —7.25% 
Plasma B clotting time —-7.58% 
Hematocrit None 
Sedimentation rate (corrected) None 
Platelet count None 
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It therefore appeared desirable to measure the disintegrative ability of 
the platelet in vitro during the intravenous administration of histamine because 
it was felt that in this way the mechanism of the platelets’ apparent action to 
increase the rapidity of coagulation might be studied. Accordingly, after the 
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quip- Fig. 1.—Serial photomicrographs (440) showing how the platelets of a normal in- 


dividual, prepared as described herein, may be maintained without clumping or disintegration 
C pts jong as forty-eight hours. A, Taken fifteen minutes after preparation; B, one hour ; 
» twenty-four hours; D, forty-eight hours. 
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large cellular elements had been removed from blood by slow centrifugation for 
ninety seconds, portions of the platelet-containing supernatant plasma (plasma 
A) were mixed with an excess of heparin and placed on a chilled counting 
chamber from which air was excluded by a wax seal. In this way the fluid 
could be maintained without evaporation for several days. Photomicrographs 
were taken with high, dry magnification every three minutes for an hour, and in 
some instances at intervals for two days.’ In this manner the platelet count 
could be followed accurately and the rate of clumping or disappearance of the 
platelets under various conditions could be measured. Morphologic changes in 
individual platelets also could be observed and photographed. 


It was found that the platelets of a normal human being usually could 
be preserved at room temperature without clumping or disintegration for sev- 
eral hours and at times for as long as forty-eight hours (Fig. 1), but that dur- 
ing the intravenous administration of histamine the platelets clumped together 
and seemed to disintegrate more rapidly. This increase in the rapidity of 
clumping seemed to be related directly to the degree of reaction the patient ex- 
perienced from the infusion. Random observations on the platelets of pa- 
tients with allergic conditions such as hives, allergic asthma, or hay fever showed 
similar abnormal agglutinative and disintegrative tendencies (Fig. 2). The 
fact that we observed platelets periodically for long periods in a nearly normal 
medium by means of easily compared photomicrographs whereas the usual plate- 
let count is made only once after considerable lapse of time and degree of 
trauma in an artificial medium will perhaps partially explain the fact that 
Pohle and Cohen® noted a decreased platelet count in allergic individuals after 
a subminimal exposure to their specific allergens whereas we noted an increased 
agglutinative and disintegrative tendency in our cases but no decrease in the 
platelet count. 

Another series of observations was made which used the photographic 
technique but which compared the behavior of normal platelet preparations 
with and without heparin as an anticoagulant with the preparations made dur- 
ing intravenous histamine administration. It was found to be true that heparin 
acts in such a way as to preserve the integrity of the normal platelet and that 
without heparin in the preparation even normal platelets clump and disintegrate 
very rapidly. However, after the administration of intravenous histamine to a 
patient whose platelets had previously been well preserved with heparin, no 
excess of heparin would counteract the increased agglutinative and disintegra- 
tive tendencies produced by the histamine (Fig. 3). 

This evidence speaks in favor of heparin and histamine having perhaps 
some antagonistic action on platelet activitv. It also raises the question as to 
whether histamine is actually or in some way increases the production of the 
thrombocytolysin described by Brinkhous.*?. This substance, he believes, acts on 
the platelets, causing them to clump, break down, and liberate their thrombo- 
plastin content. 


One way that we could explain the unchanged platelet counts in our human 
eases with an increase in the speed of coagulation of whole blood and _ both 
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plasma fractions was that an increased destruction of platelets with increased 
qualitative activity was matched by increased production or release of plate- 
lets from storage depots. Still higher levels of histamine such as are presumably 
found in shock should logically accelerate still further their disintegration and 
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(h Fig. 2. Serial photomicrographs (440) of the platelets of a person with active allergy 
pid fever), showing typical rapid clumping and disintegrative tendencies. A, Taken fifteen 
nutes after preparation; B, thirty minutes; C, forty-five minutes; D, sixty minutes. 
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the total number would actually decrease. We decided, therefore, that if we 
increased greatly the concentration of histamine being administered intraven- 
ously to dogs, a shocklike state might be achieved and the total platelet count 


Fig. 3.—Serial photomicrographs (440) of the platelets of a normal individual, pre- 
pared without heparin, showing rapid clumping and disintegrative tendencies. These are 
platelets from the individual whose blood was used in preparing Fig. 1, which illustrated how 
well platelets may be preserved when heparin is included. A, Taken fifteen minutes after 
preparation; B, thirty minutes; C, forty-five minutes; D, sixty minutes. 
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might decrease. One of the features of clinical shock is thought to be vasodila- 
tation due to unantagonized or overwhelming histamine action. We realize, of 
course, that many different mechanisms are operating in clinical shock but hista- 
mine is thought to be one factor. Inasmuch as our dogs weighed approximately 
one tenth as much as a man, fluid administered at the rate used for human 
beings would soon increase the blood volume to such an extent that any observa- 
tion would be inaccurate. It was therefore necessary to devise a pump to ad- 
minister fluids to the anesthetized dog at a very slow but constant rate under 
positive pressure. 

The experiments were done as follows. Blood was drawn from the Nem- 
butal anesthetized dog and examined with the same technique used on all of our 
human eases to determine coagulation times of whole blood, plasma A and B, 
sedimentation rate, hematocrit, and to record platelet activity with serial photo- 
micrographs. Histamine was then administered intravenously for ninety min- 
utes at a regular rate of 3 drops per minute so that both the volume of fluid 
and total amount of histamine base given would be equivalent to the usual 
therapeutic dosage in human beings (0.06 mg. per kilogram). At the end of 
this period blood was again drawn and examined as before. The concentration 
of histamine was then increased tenfold for ninety minutes (0.60 mg. per 
kilogram) and one hundredfold (6.0 mg. per kilogram) for ninety minutes and 
the tests were repeated at the end of each period of administration. 

In the acute experiments with the higher histamine dosages, no dogs have 
died but all have been observed to exhibit changes in heart rate, respiratory 
rate, and blood pressure compatible with a shocklike state. This shocklike ac- 
tivity begins to subside within thirty minutes even though the rate of histamine 
administration remains unchanged. It is after ninety minutes have passed 
that the blood tests are made and the alterations from the control state are 
shown in Table IT. 


TABLE IT. AVERAGE BLOOD CHANGES NOTED DURING THE INTRAVENOUS ADMINISTRATION OF 
INCREASING CONCENTRATIONS OF HISTAMINE TO DOGs 











| coNTROL | 0.06 MG./KG.* | 0.60 MG./KG. | 6.0 MG./KG. 
Whole blood clotting time 292 sec. 254 sec. 266 sec. 246 sec. 
Plasma A clotting time 270 sec. 231 see. 228 sec. 240 see. 
Plasma B clotting time 267 sec. 231 sec. 213 sec. 246 sec. 
Hematocrit 48% 47% 52% 57% 
Sedimentation rate (corrected) 24 mm./hr. 20 mm./hr. 19 mm./hr. 19 mm./hr. 
Platelet count 164,000 160,000 149,000 101,000 





*The first concentration (0.06 mg./kg.) is the usual therapeutic concentration adminis- 
tered to human beings for the treatment of migraine headaches. 


RESULTS 


A definitely increased speed of coagulation in all three blood fractions. 
Whole blood clotting time is decreased from an average of 292 seconds to an 
average of 266 seconds, platelet-rich plasma (plasma A) from an average of 
270 seconds to an average of 228 seconds, and platelet-free plasma (plasma B) 
from an average of 267 seconds to an average of 213 seconds. We postulate 
that this arises from increased platelet disintegrative activity and concomitantly 
more rapid release of the platelet thromboplastin content. 
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Little change in the number of platelets between the control dogs and those 
receiving ‘‘human therapeutie doses’’ (164,000 and 160,000). However, with 
the massive doses the platelet counts drop first to 149,000 and then to 101,000, 
This we believe indicates platelet destruction so great that the body is unable 
to compensate completely. 
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Fig. 4.—Serial photomicrographs (440) of the platelets of a normal dog before the 
intravenous administration of a massive dose of histamine. These platelets are maintained 
just as well as platelets from a normal human being. A, Taken fifteen minutes after prepara- 
tion; B, thirty minutes; C, forty-five minutes; D, sixty minutes. 








the 
ined 
yara~ 











INFLUENCE OF INTRAVENOUS HISTAMINE ON PLATELET ACTIVITY 717 


The hematocrit changes very little with the smaller dose, but with the 
larger doses it rises from 48 per cent to 52 per cent and 57 per cent. This is 
interpreted as hemoconcentration, a logical finding in the shocklike state pro- 
duced by intravenous histamine. 
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_ Fig. 5.—Seria] photomicrographs (440) of the platelets of the same dog as in Fig. 4 
during the intravenous administration of a massive dose of histamine. These were taken on 
the same day and illustrate well that the total number of platelets is decreased and that their 
clumping and disintegrative tendencies are increased. A, Taken fifteen minutes after prepara- 
tion; B, thirty minutes; C, forty-five minutes; D, sixty minutes. 
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There is little change in the corrected sedimentation rate, which, even with 
the largest dose of histamine, drops only 5 mm. per hour below control level. 
Naturally, with the above-mentioned rise in the hematocrit, crude sedimentation 
rate changes dramatically, dropping from 15 to 4 mm. per hour, and errors in 
reading the rough logarythmie graph probably account for even the 5 mm. per 
hour drop which is noted in the corrected sedimentation rate. 

In serial photomicrographs the platelets are seen to clump with much 
greater rapidity after the massive doses of histamine are administered, so that 
very few discrete platelets are to be found at the end of an hour. This is well 
illustrated by the photomicrographs shown which were made on the same day 
on the same dog before and after massive histamine administration (Figs. 4 
and 5). 

SUMMARY 


Increased histamine blood levels appear to increase directly the qualitative 
disintegrative ability of the platelets. 

This activity has been measured by increased speed of coagulation of whole 
blood, platelet-rich plasma (plasma A), and platelet-free plasma (plasma B). 

Small concentrations of histamine do not influence the total platelet count 
but seem to accelerate the clumping of platelets in a plasma-platelet-heparin 
solution. 

Intravenous infusions of very high concentrations of histamine cause a de- 
crease in the number of platelets in the circulating blood. 

Heparin in high concentrations does not inhibit completely the increased 
tendency toward in vitro agglutination of platelets exposed in vivo to histamine. 

Continuous photomicrographic records of platelets in undiluted plasma- 
heparin solutions are described and serial photomicrographs show platelet agglu- 
tinative tendencies. 

Controlled animal experiments show that in states of shocklike activity pro- 
duced by massive amounts of histamine, disintegrative platelet activity is still 
further increased. 
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SERUM POTASSIUM IN UREMIA 
REPORT OF SIXTEEN CASES, SOME WITH PARALYSIS 


W. J. Kouirr, M.D.* 
KAMPEN, THE NETHERLANDS 


N RECENT years treatment of uremia has improved considerably. The 

forced high-ealorie, low-protein diet (Borst!) and the dialyzing methods 
have been introduced'* 1° by means of which deficiencies or excesses of in- 
dividual electrolytes are detected and corrected. One of these, potassium, has 
currently received a large amount of attention, not only because its determina- 
tion is relatively easy, but because both large excesses and deficiencies may 
lead to paralysis, electrocardiographie signs of alterations in the myocardium, 
and cardiae arrest. 

In uremia, depending on the stage and treatment, potassium may be too 
high or too low. Treatment by adding potassium therefore is largely de- 
pendent on the laboratory determination of serum potassium. It is the pur- 
pose of this article to describe our experience with sixteen patients, some with 
low and others with high levels of serum potassium. 


OBSERVATIONS 


Low Serum Potassium.—In 1944 Brown, Current, and Marchand? described 
three cases of chronic nephritis with spontaneous muscular paralysis and electro- 
rardiographie abnormalities due to low serum potassium. 

In the last few years we have seen nine patients with acute or chronic 
uremia whose serum potassium was below 15 mg. per 100 ml. (4 meq. per 
liter). The normal values of serum potassium vary between 16 mg. and 22 
mg.t (4 to 5.5 meq. per liter). Eight of these nine patients were taking a 
foreed high caloric, low protein diet according to the principle of Borst.’ 

Case Reports: Patient 1, a 22-year-old woman with chronic nephritis, edema, and uremia, 
was treated with the forced high-caloric, low-protein diet. It was necessary to prescribe 2 Gm. 
of potassium bicarbonate every day in order to keep her serum potassium at the normal level. 

Patient 2, a 25-year-old woman suffering from chronic nephritis with uremia, was also 
treated with a forced high-caloric, low-protein diet. She finally obtained a sufficient quantity 
of potassium by eating 1 kg. or more of fruit each day. 

Patient 3 had a symmetrical renal cortical necrosis following a retroplacental hemor- 
thage. After repeated treatments with the artificial kidney (Kolff14) and with peritoneal 
lavage (Kop14,15) she gradually achieved urea balance through the Borst diet administered 





From the Medical Department of the Municipal Hospital “De Engelenbergstichting.’ 
Received for publication, July 7, 1950. 
*Present address: Research Division, Cleveland Clinic, Cleveland, Ohio. 
_ tThe cobalt nitrite method, as described by Gorter and de Graaff (Klinische Diagnostiek, 
ed. », Vol. I, edited by H. KE. Stenfert Kroese’s Uitgeversmaatschappij N.V., Leiden, The 
Netherlands, 1941 p. 87), was used in making the potassium determinations. 
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by tube. The serum potassium fell to 5 mg. (1.5 meq. per liter). The deficiency was cor- 
rected with 8 Gm. of potassium chloride per day. We did not recognize the potassium de- 
ficiency clinically. Inasmuch as the patient often felt feeble and weak, we were not unduly 
concerned, During the days of the lowest potassium the blood pressure was lower than usual 
(85/60) and the heart sounds were extremely weak. Seventy-six days after the onset of 
the renal damage the patient died from pneumonia. At the post-mortem examination the renal 
cortex was found to be completely necrotic, yellow, and calcified with the exception of its 


intermedullary parts. 


Patient 4 was a 26-year-old woman with hyperemesis gravidarum. An intravenous in- 
fusion of 5 per cent glucose solution was followed by a chill, oliguria, anuria, and uremia. 
She had a serum potassium of 12.5 mg. (3 meq. per liter). Muscular weakness was not ap- 
parent. She is the only patient in this series who had not been treated with the Borst diet. 


Patient 5 was a woman with nephrocalcinosis and uremia whose blood potassium gradu- 
ally fell to 8.5 mg. (2 meq. per liter). During this period the muscles became weak, and she 
complained of stiffness of the extremities. After the administration of 8 Gm. of potassium 
bicarbonate the weakness disappeared and the potassium rose to normal level. When the 
potassium bicarbonate was omitted the serum potassium again fell to 8.5 mg. but muscular 


weakness was not evident. 


Patient 6 was a man with amyloid contracted kidneys, hypertension, and uremia. After 
one dialysis at the beginning of treatment he received the same diet. The serum potassium 
was at times as low as 5 mg. (1.5 meq. per liter) but clinical symptoms attributable to the 


low potassium were not observed. 


Patient 7, # woman with polycystic kidneys and uremia, was treated for eleven months 
with the Borst diet and over a short period with concentrated glucose solution through a 
cardiac catheter.11 She reached a serum potassium level of 9.5 mg. (2.5 meq. per liter) which 
was easily corrected with potassium chloride. The patient complained of fatigue and dis- 


tention of the abdomen, but muscular weakness was not experienced. 


Patient 8 (Fig. 1) was a 55-year-old man who had a prostatic carcinoma which was con- 
trolled by hormone therapy. He also had contracted kidneys and uremia and at an earlier 
date had had hypertension. 

On Jan. 27, 1947, this patient was treated for the second time with peritoneal lavage, 
after which improvement was evident. His blood urea level decreased from 320 to 222 mg. 
per 100 milliliters. It was possible to prescribe 1,200 to 2,500 calories daily, principally in the 
form of butter and sugar. ‘The first potassium determination was done on February 3. A 
low figure was obtained, 7 mg. per 100 ml. (2 meq, per liter). During the night of February 
4 the patient was in poor condition and occasionally was unconscious. The blood pressure was 
110/60. He was slightly improved in the morning. No abnormalities were found on physical 
examination except that the patient’s legs were almost paralyzed. He stated that his legs 
were ‘‘stiff and tired.’’ Administration of potassium chloride was started on February 7 
with 2 Gm.; on the following days 4 Gm. were given. He rapidly improved in strength but 
still felt fatigued and continued to complain of a feeling of numbness and prickling in the 
legs. When the potassium level had risen to 17.56 mg. on February 14, the 4 Gm. of potas- 
sium chloride were replaced by the same amount of potassium bicarbonate. This, however, 
did not provide sufficient potassium, for by February 19 the serum potassium had again de- 
creased to 13 milligrams. The dose of potassium bicarbonate was increased to 8 Gm. daily 
and after this the serum potassium rose to normal values. A maintenance dosage of 2 to 4 
Gm. of potassium bicarbonate was given orally for many months after the patient’s butter 
and sugar diet had been expanded to include potatoes, vegetables, and even eggs. The blood 
pressure remained low throughout this period, usually 95/70. In other respects, the patient 
gradually recovered. His extensive bedsore healed and he gained much weight during the 
following year and a half. A roentgenogram of the chest taken February 27 showed the right 
half of the diaphragm still apparently paralyzed. 
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Fig. 1.—Serum potassium in milliequivalents per liter of Patient 8. Carcinoma of the 
prostate gland, contracted kidneys, and uremia. The range of normal values of the serum 
potassium is indicated by a gray band. <As is shown by blocks at the bottom of the 
graph, KCl or KHCOs; had to be given to prevent low serum potassium, during all the time 
the Borst diet was given. 


This case is a good example of a patient who, on a forced high-calorie diet, required the 
addition of potassium bicarbonate for twenty months to prevent a low serum potassium. The 
paralyses disappeared following the administration of potassium. 

Patient 9 (Fig. 2), a 48-year-old man with large polycystic kidneys, was admitted on 
April 14, 1948, with a blood urea level of 582 mg. per 100 milliliters. He was somnolent and 
cold. A high serum potassium was lowered by means of peritoneal lavage. Soon after this 
he regained nitrogen balance with a forced high-caloric, low-protein diet (2,500 calories a 
day). Extra systoles were noted on April 20, shortly after which the serum potassium be- 
came subnormal; 5 or 6 Gm. of potassium bicarbonate and, beginning June 20, 8 Gm. of 
potassium bicarbonate were given daily. Thus the potassium level was brought within the 
normal range. Later 75 Gm. of potatoes were added to his diet but the potassium bicarbonate 
was incorrectly replaced by sodium bicarbonate. At home his condition remained satisfac- 
tory until he stopped eating potatoes. The legs remained prickling and ‘‘stiff’’ (he probably 
meant without power). On August 31 he could not arise from a sofa and his head fell for- 
ward or backward, inasmuch as it was impossible to hold it upright. No pain was evident but 
he did have a prickling sensation in the fingers and knees. During the night he had a feeling 
of compression in his chest. The attack wore off spontaneously. The following day the pa- 
tient ate little and felt improved (body protein was broken down and potassium released). 
He then resumed his diet containing 200 Gm. of butter and 200 Gm. of sugar with the result 
that on September 2 he became paralyzed while lying in bed. On the next day he had an 
attack of difficult breathing and was readmitted to the Kampen Hospital. 

Blood chemistry revealed the following (Fig. 2): blood urea 35 mg. per 100 ml., sodium 
“90 mg. per 100 ml. (126 meq. per liter), xanthoprotein reaction 74 per cent. The serum 
potassium level of 3 mg. (0.8 meq. per liter) was extremely low. Starting on September 4, 
“4 Gm. of potassium chloride were given daily. The patient was still almost completely 
paralyzed. Neither arms nor legs could be lifted spontaneously; at times only the thumb 
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could be moved. Passive mobility was good but tendon reflexes could not be elicited. He 
was absolutely clear of mind. Blood pressure was 120/80; there was no gallop rhythm and 
no congestion. Pulse was regular, appproximately 80. A roentgenogram of the chest showed 







a high (paralyzed) diaphragm on both sides. 
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Fig. 2.—Serum potassium in milliequivalents per liter of Patient 9. Polycystic kidneys 
with uremia. High potassium was lowered by peritoneal dialysis. During dietary treatment, 
8 Gm. of KHCOs; had to be given to prevent low serum potassium. Rapid shift from low to 
high potassium levels (both with paralyses) due to overdose of potassium. 


Within the next few days the patient’s muscle power gradually improved. On Sep- 
tember 7 the serum potassium was 18 mg. per 100 ml. (normal). We would have done bet: 
ter to suspend the administration of potassium chloride temporarily but did not do so. 

On September 8 the patient was well except for diarrhea. Hands and feet were moist 
and blue. On the morning of September 9, the facial muscles were flaccid and masklike; 
muscular strength in hands and legs diminished rapidly. A gallop rhythm was heard over the 
heart. The administration of potassium was stopped. The serum potassium was found to be 
44 mg. per 100 ml. (11.5 meg. per liter), but the patient suddenly died before this potassium 


determination was known. 
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This case illustrates how a diet consisting mainly of butter and sugar may cause a sub- 
normal serum potassium in a patient with deficient tubular function. The effect may have 
been aggravated by administering sodium bicarbonate simultaneously. The paralyses dimin- 
ished every time the patient fasted. Finally a potassium intoxication developed because of 


an excessive dose of oral potassium, and paralyses ensued, indistinguishable clinically from 


the paralyses caused by a potassium shortage. 


Potassium Intoxication.—In 1944 Marchand and Finch’ deseribed potas- 
sium intoxication in two patients with uremia and oliguria leading to paralysis 
and death through eardiae arrest. 

Of the patients already described with a subnormal serum potassium, two 
had at other times an abnormally high serum potassium, for example Patients 
3 and 9. Patient 9 eventually died with paralyses due to high potassium. The 
following are abbreviated case histories of seven patients with exceedingly high 
serum potassium. Only patients with serum potassium higher than 35 me. per 
100 ml. (9 meq. per liter) are reported here. 


Case Reports: Patient 10, a 43-year-old man, had acute glomerular nephritis and 
oliguria, proceeding to anuria. After fourteen days, on Nov. 11, 1943, bilateral deéapsula- 
tion was performed. On November 22 the serum potassium level was 37 mg. (9 meq. per liter), 
blood urea was 460 mg. per 100 milliliters. Suddenly the patient collapsed and _ artificial 
respiration had to be applied. Respiration returned but the patient remained comatose. He 
had appeared to be in reasonably good condition before the collapse. Such sudden changes 
are encountered frequently in patients with high potassium. 


Patient 11, a 68-year-woman, suffered from acute cholecystitis with jaundice and 
acute glomerular nephritis with anuria. She had a blood urea of 396 mg. per 100 milliliters. 
The patient was almost comatose. She was treated with the artificial kidney and recovered. 
The high potassium level was lowered from 55 mg. to 19 mg. (from 14 to 4.8 meq. per liter) 
by the dialysis. 


Patient 12, a 62-year-old man, suffered from prostatic hypertrophy, infected hydro- 


nephrosis with pyelonephritis, abscesses in the legs, and other infections. His blood urea was 
569 mg. per 100 milliliters. He was treated with peritoneal lavage and a forced high-caloric, 
low-protein diet, mainly by duodenal tube. The serum potassium was lowered from 40 mg. to 
27 mg. (from 10 to 7 meq. per liter) by peritoneal lavage. The patient died four months later 


from infections. 


Patient 13, a 59-year-old man, suffered from carcinoma of the bladder or prostate with 
strangulation of the ureters. Peritoneal lavage reduced his serum potassium from 56 mg. to 
35 mg. (from 14.5 to 9 meq. per liter). It was further lowered by a high-caloric, low-protein 
diet and a temporary improvement of diuresis. This patient died fourteen days later from a 


hew attack of strangulation of the ureters with anuria. 


Patient 14 was a 29-year-old man with malignant hypertension and contracted kidneys. 
Blood urea was 642 mg. per 100 milliliters. He was treated twice with the artificial kidney 
but died a few days later in an attack of Adams-Stokes disease. A serum potassium deter- 
mination was done on a sample taken from the heart immediately post mortem. A serum 
potassium of 38 mg. (9.5 meq. per liter) was found, evidently the cause of his sudden death. 


Patient 15, a 60-year-old woman, had an acute glomerular nephritis, cardiac hypertrophy, 
bundle branch block, anuria, and uremia. The serum potassium was 38 mg. (9.5 meq. per 
liter). On admission, the pulse could not be detected and blood pressure could not be 


Measured. There was a general muscular weakness and flaccidity. 
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We tried to reduce the high potassium concentration by giving concentrated glucose golu- 
tion via a plastic catheter already introduced into the iliac vein for a future dialysis. (It 
would have been better to do this via a cardiac catheter.11) The composition of the fluid 
infused was: 


900 ml. of 40 per cent glucose solution 
100 ml. of 5 per cent sodium bicarbonate solution 
3 
50 mg. of heparin 
200,000 units of penicillin 
500 mg. of vitamin C 
3 ampules of vitamin B complex. 


units of insulin 


oO 


AN 


The potassium level actually did decrease from 38 to 22 mg. (from 9.5 to 5.5 meq. per 
liter) within twenty-four hours. Whereas the patient produced almost no urine during this 
period, the decrease in potassium must be attributed to the glucose therapy. The patient died, 
however, from pulmonary complications. The bundle branch block probably was due to potas- 
sium intoxication. 

Patient 16, a 68-year-old man, had had cystitis for eight weeks. A retroprostatie ab- 
scess developed which subsequently ruptured spontaneously. There was almost complete 
anuria for eight days. The patient died upon entrance to the hospital. Although the heart 
had stopped beating and no circulation was noticeable, breathing continued for some time. 
This cardiac arrest was thought to be due to potassium intoxication. Immediately after death 
a cardiac puncture was done and in the sample of blood taken a serum potassium of 43 mg. 
per 100 ml. (11.5 meq. per liter) was found, high enough to account for such a cardiac death. 


DISCUSSION 


Loss of potassium may occur in connection with diarrhea, vomiting, or 
urination if there is polyuria and bad tubular function. Abnormally low 
serum potassium may occur after dialysis with fluids which do not contain 
enough potassium (Kolff,!* Marquis and Sehnell'?). The diet may be low in 
potassium. More important, however, seems to be the migration of potassium 
within the body. In familial periodic paralysis, at the onset of an attack a 
migration of potassium takes place from the extracellular to the intracellular 
spaces (Danowski, Elkinton, Burrows, and Winkler’). An attack can be pro- 
dueed by the intake of a large quantity of carbohydrates. A similar migration 
of potassium was found in dogs treated with Doca (Ferrebee and co-workers’), 
in patients treated with a high dose of cortin (Kolff and Tjiook'), and in 
patients in diabetic coma treated with large doses of glucose and insulin 
(Frenkel, Groen, and Willebrands* 27). In view of the fact that large doses 
of carbohydrates cause a binding of potassium in the cells, it is evident that a 
low serum potassium may be expected in patients with uremia where a high 
carbohydrate diet with little potassium is given. 

Treatment of uremia has been greatly advanced by the forced high-calori¢, 
low-protein diet as described by Borst! and our practice is to apply it, with 
variations, in all patients with severe uremia.* From the cases described it is 
obvious that many uremic patients do develop potassium deficiency if they are 


. . . . . » ° y 6) 
fed a diet consisting mainly of butter and sugar. A maintenance dose of 2 


*This clinical impression has been strengthened by the demonstration in nephrectomized 
rats that carbohydrate and fat are definitely more beneficial than protein diets or starvatio 
(Masson, Corcoran, and Page"). 
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or 3 Gm. of potassium chloride or of potassium bicarbonate is usually neces- 
sary. The same dosage applies to patients who are fed with the emulsion of 
3ull and Joekes* through a nasal catheter or to patients who are supplied with 
1,600 calories in the form of 1 L. of 40 per cent glucose solution via a cardiae 
catheter (De Keyser and associates"). Kempner’s’® rice diet provides enough 
potassium. 


Whenever there is tissue breakdown in the absence of adequate renal 
function, enough potassium may be liberated to cause intoxication. Thus one 
should not follow a rigid scheme in administering potassium. Electrocardio- 
grams are usually advocated for the detection of potassium deficiency or 
excess.2»" ° The electrocardiographic changes however seem inconsistent. It 
is better to determine the serum potassium regularly. 

Fatal potassium intoxication will not readily develop in patients with 
normal renal function’’ ; however a potassium deficiency can change easily into 
potassium intoxication in a patient with poor renal function. Eight grams of 
potassium chloride per day seems to be a sufficient quantity to combat the most 
severe shortage. 

The paralyses caused by a potassium deficiency are described in Patients 
), 8, and 9. <A gradual diminution of strength takes place until complete 
paralysis occurs. The muscles are flaccid; muscle reflexes cannot be elicited. 
Patients frequently complain of stiffness or a numb feeling, an unpleasant 
sensation which may keep them awake. The paralyses occur mainly in the 
extremities, usually ascending from the periphery toward the center. The 
facial and respiratory muscles often remain unaffected; nevertheless, respira- 
tory paralysis may endanger life. 

The paralyses do not disappear simultaneously ; there may be an obvious 
difference between the right and the left leg or the right and the left arm. 
The numbness and a prickling sensation may last for months after the actual 
paralyses have disappeared. It is likely that many uremic patients show 
clinical symptoms which are not yet recognized as due to potassium deficiency. 
One should consider Groen’s cardiovascular syndrome (high output failure*) 
in these cases, but it is usually overshadowed by the consequences of pre- 
existing hypertension. 

1 have thought sometimes ‘that persistent insomnia or somnolence, al- 
though inconsistent, was linked with abnormally low serum potassium. I 
have suspected meteorism and intestinal paralysis, but these did not disappear 
When potassium was given. Repeatedly, dejection and severe neurasthenia 
were seen, but those patients had other reasons as well for neurasthenia. It is 
difficult to explain why an unusually low serum potassium caused paralysis in 
one patient while an equally low potassium in another patient did not. I 
wondered whether the height of the serum chloride, the CO, combining power, 
or the serum ealeium might offer an explanation. After careful comparison 
of several patients with a potassium level of 2 meq. per liter no conclusion 
could be arrived at. The sodium content of the blood serum did not show 
any significant changes. 
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Potassium intoxication is a common cause of death in uremic patients, 
Paralyses may occur which are not clinically distinguishable from those 
caused by potassium deficiency. More often, however, death is caused by 
‘cardiac abnormalities with specific electrocardiographic changes before the 
paralyses become apparent.® }% 2° 

In 1938, Winkler, Hoff, and Smith?* gave potassium chloride to dogs via 
intravenous infusion and found a certain correlation between the serum 
potassium level and the electrocardiographie deviations. Cardiac arrest oc- 
curred at 56 to 64 mg. per 100 ml. (14 to 16 meq. per liter). It is not sure that 
the same correlation always does exist in patients with uremia. In our ex- 
perience some patients survived a potassium level of 40 to 55 mg. (10 to 14.5 
meq. per liter) while others in all probability died from potassium intoxiea- 
tion at 9 to 11.5 meq. per liter (37 to 45 mg. per 100 ml.). 

Death from potassium intoxication is practically always unexpected. In 
the course of a few hours the general condition may deteriorate. A patient 
who was cheerful during the morning may become seriously ill in the after- 
noon without any apparent indication of the cause and die shortly thereafter. 

As to therapy, no longer need we be helpless in a ease of potassium in- 
toxication. Several instances have been mentioned in which a dangerously 
high potassium was lowered within a few hours or days by dialysis—either 
by peritoneal lavage or by an artificial kidney treatment. When it is not 
possible or desirable to apply vividialysis, the potassium level can be lowered 
within twenty-four hours by the administration of 1 L. of 40 per cent glucose 
solution and 30 units of insulin by cardiae catheter... It has been shown in 
the case of Patient 15 that it is indeed possible to lower a high potassium level 
in this way in spite of the existence of almost complete anuria. It is probable 
that under these conditions the potassium moves from the extracellular to the 
intracellular spaces. 


SUMMARY 


A subnormal serum potassium was observed in nine patients, the values 
varying from 1 to 4 meq. per liter. Muscular weakness and paralyses were 
noticed in three patients. The paralyses were not closely connected with a 
critical potassium level. 

To combat the uremia, eight of the nine patients had been given a forced 
high-caloric, low-protein diet in some form or other according to the principle 
of Borst. After ingestion of carbohydrates, a movement of potassium from the 
extracellular to the intracellular spaces takes place. This explains the lowering 
of serum potassium. The lowest potassium levels and the paralyses were seen 
in patients treated with a strict butter and sugar diet. It is obvious that in 
many cases 2 or 3 Gm. of potassium chloride or of potassium bicarbonate should 
be added to this diet. One should be guided by potassium determinations. 

In two patients the serum potassium levels were exceedingly low at one 
time and high at another; seven others had potassium levels higher than 9 meq. 
per liter, making a total of nine patients with high potassium. Four patients 
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died probably from potassium intoxication, one with paralysis. One improved 
by taking the Borst diet. In one patient the potassium was lowered with the 
artificial kidney and recovery followed. In two patients the same was done 
successfully with peritoneal dialysis; one patient died after fourteen days, the 
other after four months, from their underlying diseases. One patient was 
treated with 900 ml. of 40 per cent of glucose solution with insulin intravenously 
(a cardiac catheter is most suitable for this purpose). Although death occurred 
from pre-existing pulmonary complications, the serum potassium was reduced 
from 9.5 to 5.5 meq. per liter not withstanding almost complete anuria. 

In treating the patients described in this article, I had the valuable help of my col- 
laborators Dr. P. 8. M. Kop, Dr. R. de Keyser, Dr. P. Van Eeckhoutte, and Dr, 8, H. W. Osse. 

The numerous chemical analyses were performed by the technicians Mrs. A. J. W. van 
Dellen-van der Ley, Miss W. Eskes, Miss G. A. Bakker, Miss L. M. A. Cley, and Miss C. 
Knol. The manuscript was typed by Miss A. Vlaanderen and Miss B. W. van den Blink, trans- 
lated by Dr. J. van Noordwijk and Ralph Snyder, and corrected by Dr, Irvine H. Page and 
Dr, Edwin R. Jordan, 
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RENIN SENSITIVITY AND RENIN SUBSTRATE LEVELS IN 
ADRENALECTOMIZED DOGS 


W. D. Davis, Jr., M.D.,* A. SeGALorr, M.D.,*¢ W.S. Jacoss, M.D.,* AND 
J. B. CALLAHAN, M.D.% 
NEw ORLEANS, La. 


HERE has been a wide difference of opinion concerning the relationship 
i the adrenal gland to renin response, renin substrate production, and ex- 
perimental renal hypertension. Karly studies indicated that the adrenal gland 
was essential for the production of renin substrate, for the pressor response to 
injected renin, and for the production of hypertension by renal manipulation.'” 
More recently, evidence has been accumulating to show that there is no direct 
or obligate relationship.*'? The present study was undertaken in an attempt to 
clarify this relationship. It reveals persistence of renin sensitivity and renin 
substrate levels, essentially unchanged after other evidences of adrenal in- 
sufficiency have become pronounced. It also indicates that whatever diminution 
occurs is associated with diminution in response to other pressor materials. 


PROCEDURE 


Responses to injected hog renin§ in doses of 1 mg., angiotonin in doses of 1 dog unit, 
and blood levels of renin substrate were determined in eleven anesthetized 





| mongrel dogs. 
At varying intervals following one- and two-stage adrenalectomy these determinations were 
repeated. During the period of development of adrenal insufficiency the dogs were sup- 
ported neither by additional saline nor by adrenal hormones. In those dogs in which 
chronic adrenal insufficiency was sought, its presence was adjudged by a blood urea nitrogen 
level of at least double the control and great decrease in arterial pressure. Renin substrate 
was assayed by the method of LeLoir, modified by Dexter and associates,!3 in the anes- 
thetized cat. Arterial pressures were recorded on a smoked drum kymograph directly by 
means of a carotid cannula with the use of a mercury manometer, and a 4 per cent solu- 


tion of sodium citrate as an anticoagulant. 
RESULTS 

Initially, blood pressure responses to renin and angiotonin were determined 
in four anesthetized{ dogs on the fourth day following the second stage of a 
two-stage total adrenalectomy. The responses to 1 mg. renin and 1 and 2 units 
of angiotonin were essentially the same in two as in normal animals and slightly 
less in two. In these latter two, similar changes were found in both angiotonin 
and renin responses (Table I, Experiments 1 to 4). 
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Nembutal or chloralose. 

{Two with Nembutal, two with chloralose. 
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SUMMARY OF RESPONSES OF ADRENALECTOMIZED DOGS TO INJECTIONS OF RENIN AND ANGIOVONIN 
ee | CONTROL BLOOD BLOOD 
| PRESSURE PRESSURE RISE 
EXPERIMENT CONDITION | (MM. HG) STIMULUS (MM. HG) 
~— J—“‘<S4S das after 2nd 15 0.1 cc. angiotonin 20 ; 
stage adrenalec- 0.5 ¢.c. angiotonin 42 
tomy 1 mg. renin 37 
After 50 mg. deg.* 75 0.5 ¢c. angiotonin 34 
| mg. renin 20) 
: 2 4 days after 2nd 125 1 «ec. angiotonin 52 — 
stage adrenalec- 0.5 ¢¢. angiotonin 28 
tomy 0.1 cc. angiotonin 14 
1 mg. renin 20 
-. 4 days atter 2nd 45 0.1 ¢.c, angiotonin 2 to 14 
stage adrenalec- 1 mg. renin 16 
tomy 0.5 ce. angiotonin 30 
5 mg. renin 24 
as t days after 2nd 75 0.1 ¢.e. angiotonin . .. 
stage adrenalec- 1 mg. renin 10 
tomy 0.5 «ce. angiotonin 25 
5 mg. renin 32 
a ae Control 130 0.1 «ce. angiotonin 22 = 
Dog 18 0.2 ce. angiotonin 25 
4 days after 2nd | mg. renin 20 
stage adrenalec- 65 0.2 ¢.c. angiotonin 26 
tomy 0.1 ¢e. angiotonin 12 
0.6 mg. renin 18 
1 mg. renin 20 
6 Control 105 0.1 ¢.e. angiotonin 16 
Dog 30 0.2 cc. angiotonin 22 
1 mg. renin 46 
4 days after 2nd 75 0.1 ¢.e. angiotonin 20 
stage adrenalec- 1 mg. renin 37 
tomy 
yo) ay, Control 105 0.1 ee, angiotonin 24 
Dog 7003 1 mg. renin 40 
4 days after 2nd 40 0.1 «ec. angiotonin 5) 
stage adrenalec- 0.2 ce. angiotonin 21 
tomy 1 mg. renin 18 
~~ 8 Control 125 0.2 ce. angiotonin 15 
Dog 0044 1 mg. renin 22 
4 days after 2nd 5d 0.2 ¢.c. angiotonin cf 
stage adrenalec- 1 mg. renin 18 
tomy 
9 Control 100 0.5 ¢.c. angiotonin 36 
0.1 «ec. angiotonin 22 
1 mg. renin 30 
Immediately after bi- 10 1 mg. renin 2 
lateral adrenalec- 0.5 «ce. angiotonin 10 
tomy 2 mg. renin 6 
0.5 mg. epinephrine 60 
10 Control 120 0.5 ¢.e. angiotonin 32 
1 mg. renin 30 
5 mg. renin 72 
Immediately after bi- 35 0.5 cc. angiotonin () 
lateral adrenalec- 1 mg. renin 0) 
tomy 5 mg. renin 1() 
11 After unilateral 120 0.5 ¢c. angiotonin 
adrenalectomy 1 mg. renin 
Immediately after 65 0.5 ec. angiotonin 
2nd stage adrenal- 1 mg. renin 
ectomy 
Immediately after 40 1 mg. renin 32 
spaying 0.5 cc. angiotonin ee 
*Desoxycorticosterone glucoside. 
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Because of the variability of response to these materials demonstrated in 
normal animals, it was believed that a more accurate control could be obtained 
by determining the response of each animal before any operative procedure was 
done. Renin and angiotonin responses and renin substrate levels were therefore 
determined in a second group of four normal anesthetized* dogs. These sub- 
sequently had both adrenals removed and were re-examined on the fourth post- 
operative day when the presence of definite adrenal insufficiency was evidenced 
by elevation of the blood urea nitrogen to more than double the preoperative 
level and by a pronounced fall in the arterial pressure. (Fig. 1.) Again there 
was little change (Table I, Experiments 5 to 8) in the response to the intra- 
venous injection of 1 mg. renin. In three instances responses were essentially 
the same as the preoperative ones and in one there was a moderate diminution. 
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Fig. 1.—Blood pressure response of Dog 0044 before and four days after total adrenalectomy. 


In both this group and the preceding one, however, when lesser responses were 
noted, if they were calculated as percentage of the preinjection base line 
pressures, the differences were nullified. Responses to angiotonin were similar 
to those to renin. Renin substrate was found to be present in the circulating 


TABLE II. 
RESULTS OF RENIN SUBSTRATE ASSAY—(BLOOD PRESSURE OF ANESTHETIZED CAT) RENIN 
SUBSTRATE ASSAY 


BLOOD PRESSURE 





DOG TEST MATERIAL RISE (MM. HG) 

Dog 18 1 cc, stand. A 10) 
1 c.c. stand. B 17 

1 c.e. test serum 19 

Dog 0044 1 cc. preoperative serum 14 
1 ce. test serum 6 

1 c.e. control 8 

3 ce. test serum 10 

3 ec. control 14 

Dog 7003 1 c.c. control 16 
0.5 ee. test serum 10) 


*Nembutal. 
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blood in all three instances in which assay was carried out (Table II; Fig. 2) 
The values were the same as for the controls in two instances and not subject 
to quantitation in one. 

In an experiment on one animal in which studies were made immediately 
following one-stage total adrenalectomy and then the animal was killed, the 
blood pressure dropped to 10 mm. Hg and the renin and angiotonin responses 
were almost abolished (Fig. 3; Table I, Experiment 9). In a similar experi- 
ment renin and angiotonin responses were initially absent but returned within 





Fig. 2.—Renin substrate assay of Dog 18 four days after total adrenalectom blood pressure 
; c 7 } 
response of anesthetized cat). 








Fig. 3.—Blood pressure response of dog immediately following bilateral adrenalectomy. 


a few minutes (Table I, Experiment 10). In another experiment on a female 
dog immediately after second stage adrenalectomy, responses to renin and 
angiotonin were unchanged (Table I, Experiment 11). Following spaying the 
blood pressure was further reduced but renin and angiotonin responses re- 
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mained unaffected. In one dog tachyphylaxis to renin was as difficult to induce 
following adrenalectomy as it was before operation. In the same animal the 
injection of 50 mg. of desoxycorticosterone glucoside failed to increase the renin 
sensitivity (Table I, Experiment 1). 


DISCUSSION 


The fact that renin sensitivity is sustained after adrenalectomy and de- 
velopment of pronounced adrenal insufficiency and that renin substrate is 
present at this time is evidence against any obligate relationship between these 
phenomena and the adrenal gland, Additional evidence is presented by the fact 
that tachyphylaxis to renin is as difficult to produce and requires as much renin 
after adrenalectomy as before. This would suggest that there is no reduction 
in renin substrate supply as a result of adrenalectomy. These observations 
agree with the recent evidence presented by others* who have demonstrated 
parallelism in the changes in response to other pressor materials, such as epine- 
phrine and barium chloride, in similar preparations. In addition, the per- 
sistence of renin activator following adrenalectomy’ has been demonstrated as 
well as the persistence® or production’ of renal hypertension in adrenalectomized 
animals. Although this evidence is incompatible with the view that the adrenal 
gland is necessary for elaboration of renin substrate, recently even more doubt 
has been cast on the relation of renin substrate to renin responses by the work 
of Mylon and collaborators'? who showed that renin effect is not necessarily 
the result of angiotonin production and consequently not necessarily related 
to renin substrate. 

On the other hand, the studies of Goldblatt and Lewis,’ ? Blalock and Levy,* 
and Houssay and Dexter’ have been accepted as showing that the adrenal gland 
is necessary for the production of experimental hypertension and the mainte- 
nance of renin sensitivity. The recent studies of Haynes and co-workers" 
demonstrating transient increases in plasma renin substrate levels following 
administration of adrenocorticotropin may also be advanced as evidence for 
close adrenal relationship, but the detailed studies are not yet available. Close 
examination of the work of Houssay and Dexter’ will show that renin sensitivity 
was maintained in a significant number of animals following adrenalectomy 
and that renin substrate was also present in a significant number of animals 
despite their conclusions. In.addition it is a recorded fact that stress, such as 
an operation, a febrile illness,'* starvation,’® and pregnanecy’® return the blood 
pressure in a renal hypertensive animal to normal. Consequently, it is believed 
that the diminution of response which has been observed in all these instances 
is related more likely to a loss of general vascular reactivity and peripheral 
resistance secondary to operation and poor general condition rather than spe- 
cifically to absence of the adrenal gland. 


CONCLUSIONS 


Definite vascular responses to renin and the presence of renin substrate 
have been demonstrated in dogs immediately after adrenalectomy as well as 
after frank adrenal insufficiency has developed. 
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Diminution in renin response, which has been noted by us as well as others, 
is believed to be related to a loss of general efficiency of the organism secondary 
to adrenalectomy rather than to any specific loss of adrenal function. 
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AMINO ACIDS IN PLASMA AND URINE OF PATIENTS WITH 
HEPATITIS BEFORE AND AFTER A SINGLE INFUSION OF 
PROTEIN HYDROLYSATE 


JOSEPH B. KirsNer, M.D., A. LEONARD SHEFFNER, MLS., 
Water L. PALMER, M.D., AND OLAF BERGEIM, PH.D. 
Cuicaco, IL. 


ARIOUS studies have indicated that the metabolism of protein is essen- 
ah unimpaired in hepatic disease.’~* Retention of amino acids in plasma, 
elevated amino nitrogen, and impairment in the formation of urea have been 
reported occasionally.*° Since these observations were obtained chiefly in pa- 
tients with cirrhosis of the liver, it seemed desirable to investigate the problem 
in hepatitis. For this purpose, measurements were made of individual amino 
acids in the plasma, and of nitrogen and individual amino acids in the urine 
before, during, and after a single intravenous infusion of hydrolyzed protein 
in three patients; a normal man was studied similarly as a control. 


METHODS 


Subjects—(1) N. D., a normal man, 23 years old; weight, 86.9 kilograms; normal 
hepatic function. (2) T. J., a Negro man, 54 years old; weight, 77.0 kilograms; convalescing 
from mild infectious hepatitis; normal hepatic function. (3) J. B., a 64-year-old man; weight, 
80.0 kilograms; portal cirrhosis and moderately severe changes in the parenchyma of the 
liver, as demonstrated by histologic examination of a needle biopsy; severe impairment of 
hepatic function. Physical findings included jaundice, moderate ascites, and peripheral 
edema. Renal function (urea clearance) was satisfactory. (4) M. P., a 58-year-old woman; 
weight, 39.0 kilograms; biliary cirrhosis and severe acute hepatitis; pronounced impairment 
of liver function; studied on the tenth and seventh days before death from hepatic failure. 

The procedures employed for estimating hepatic function have been described elsewhere.? 
Following a twelve-hour control period, a known volume of a solution of partially hydrolyzed 
protein in 5 per cent glucose was administered intravenously. The urine was collected in 
three twelve-hour periods: (a) before, (b) during and for approximately six hours after 
the completion of the infusion, and (c) twelve hours thereafter. The subjects were under 
constant supervision to ensure complete collections; an indwelling catheter was utilized in 
Subject M. P. Venous blood was drawn immediately before the infusion, at its termina- 
tion (presumably at maximum plasma levels), and again twelve and twenty-four hours after 
the start of the injection. The blood was transferred to a screw-capped bottle containing 
15 to 30 mg. of heparin, and mixed thoroughly. After centrifugation, the plasma was re- 
moved immediately and tungstie acid filtrates were prepared for the measurement of free 
amino acids, as described by Hier and Bergeim.8 Aliquots of the tungstic filtrates were 
hydrolyzed with hydrochloric acid and assayed for total nonprotein amino acids.* The amino 
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*Total nonprotein amino acids refers to the total quantity of each individual amino acid 
present in the tungstic acid filtrates of plasma as determined following hydrolysis, and includes 
‘he free amino acids which are microbiologically available before hydrolysis. Ividence_ re- 
cently obtained by Sheffner and Bergeim™ indicates that tungstic acid filtrates do not contain 
protein as determined by microbiologic assay of individual amino acids in the dialyzed and 
hydrolyzed filtrate. 
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acids measured microbiologically in plasma and urine were leucine, isoleucine, valine, threonine, 
arginine, histidine, lysine, and methionine. The validity of the microbiologic procedure: used 
in these studies-11 has been confirmed by Toennies and Gallant.12 Recovery of measured 
amounts of pure amino acids added to the urine before acid hydrolysis ranged from 90 to 
110 per cent. The results for amino acid excretion in the urine of human subjects, further- 
more, agrees with those obtained by other investigators.14,15 It should be noted that values 
obtained by microbiologic assays necessarily include other substances with equivalent activity 
for the test organism. In this respect, homologous keto acids would conceivably present the 
greatest source of error; however, studies in rats!3 indicate that these compounds constitute 
no more than 20 per cent of the quantity of amino acids in urine and consequently would 
not influence the trends observed in this study. 

Measurements also were made of the total and amino acid nitrogen in the protein hydrol- 
ysate and the urine,16 and of urea in urine by the urease method. The quantities of the 
eight amino acids administered, as determined microbiologically, were as follows. In Subjects 
N. D., T. J., and J. B.: leucine, 8,840 mg.; isoleucine, 6,520 mg.; valine, 7,340 mg.; threo- 
nine, 3,940 mg.; arginine, 3,480 mg.; histidine, 2,080 mg.; lysine, 7,680 mg.; and methionine, 
2,560 mg.; 11.90 Gm. of total nitrogen and 7.70 Gm. of amino nitrogen were infused; Subject 
M. P. received one-half these amounts. 

RESULTS 

The normal subject and the patient with mild hepatitis excreted approxi- 
mately 51 per cent of the administered nitrogen during the injection period, 
urea and ammonia nitrogen constituting 82 per cent of the total (Table I). 
Subject J. B. with cirrhosis and moderately severe parenchymal injury ex- 
creted approximately 32 per cent of the administered nitrogen. The output in 
Subject M. P., with very severe hepatitis, was extremely small. Original levels 
were regained during the postinfusion period in all except Subject M. P., in 
whom the slightly elevated output of nitrogen persisted. The excretion of 
amino nitrogen and of urea plus ammonia nitrogen varied similarly. The out- 
put of amino acids in the urine followed the same trend as observed with nitro- 
gen (Table Il). The normal subject excreted a quantity equalling 11 per cent 
of the amount injected (for the eight amino acids measured), with ranges of 
4 per cent for leucine to 26.6 per cent for histidine. Comparable results were 
obtained in Subjects T. J. and J. B. As demonstrated previously in large groups 


TABLE I, URINARY NITROGEN BEFORE, DURING, AND AFTER SINGLE INTRAVENOUS INFUSION OF 
-ROTEIN HYDROLYSATE 











URINE 
UREA N PLUS 
TOTAL N NH,N | AMINO N 
(GM./12 HR, ) (GM./12 HR, ) | (GM./12 HR.) 
PERIOD PERIOD PERIOD 
SUBJECT I I Il I Il mm | I I mt 
Normal (N. D.) 5.02 11.13 4.64 | 4.27 8.09 4.00 | .24 1.69 20 
Mild hepatitis (T. J.)* 9.93 15.78 10.93 | 8.61 12.72 9.97 55 1.87 2) 
Cirrhosis; mod. severe 4.87 8.68 5.50 | 4.57 6.26 4.87 | .26 1.39 0 
hepatitis (J. B.) | | 
Severe hepatitis (M. P.) 0.84 42 61,55 | 0.56 0.95 1.08 | 12 21 22 
(two studies) 1.78 1.92 1.94 ' 1.39 125 1.27 22 34 3 





I, Control period. 

II, During and six hours after infusion. 

III, Subsequent twelve hours. 

*High-protein diet immediately preceding the study. 
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le, TaBLE II. OuTpeur oF EIGHT INDIVIDUAL AMINO ACIDS IN URINE BEFORE, DURING, AND AFTER 


ed SINGLE INTRAVENOUS INFUSION OF PROTEIN HYDROLYSATE (MG./12 HR. PERIOD) 













































































































































- — SUBJECTS SUBJECTS 
v0 MILD |CIRRHOSIS;| SEVERE MILD |CIRRHOSIS;| SEVERE 
er PERIOD | NORMAL |HEPATITIS| HEPATITIS | HEPATITIS | NORMAL | HEPATITIS| HEPATITIS | HEPATITIS 
les —_ Lewcine Tsoleucine 
ity I 12 81 6 65 68 4 52 5 8 10 
hi I] 362 547 235 113 182 430 584 327 16 3 
Ill 18 62 40 98 258 14 20 46 29 47 
ite ite . - 0 
Valine Threonine 
ld 10 76 21 44 57| 18 101 24 39 79 
I] 530 477 382 91 157 761 834 583 90 157 
ol. Il] 16 59 58 84 219 30 82 103 76 #177 
i . Arginine Histidine 
I 15 74 21 oT 3a 66 250 141 36 = 70 
cts II 251 401 255 55 ~=68 620 752 586 83 133 
€o- III 20 56 56 54 94 39 184 114 69 148 m4 
ne, Lysine Methionine 
ect I 40 200 51 74 130 6 36 11 10 +10 
II 824 1,250 767 151 219 152 239 174 13 +30 
IIT 86 122 173 156 229 9 29 76 21 41 
I, Control period. 
II, During and six hours after infusion. 
Xi- III, Subsequent twelve hours. 
od, 
I). TABLE IIT, FREE AND TorTaAL NONPROTEIN (TNP)* AMINO AcID LEVELS IN PLASMA BEFORE 
i. AND AFTER INTRAVENOUS INFUSION OF PROTEIN HYDROLYSATE (Y/ML.) 
in ‘= - CIRRHOSIS; MOD. 
els NORMAL MILD HEPATITIS SEVERE HEPATITIS 
si AMINO ACID A | B | c | D A | B |c | D A |B /|col »D 
m Leucine -_ ia 
of Free | an 30 = 38 30 «3385 —C (i387 | 238) COC6T)SCsd1—Ssé 2 
ut- TNP 42 97 57 —_ 58 64 77 86 22 63 10 13 
Isoleucine _ ial al 
r0- Free 15 16 16 22 1 25 26 29 15 47 10 13 
ent TNP 25 51 30 30 17 58 34 40 22 58 24 10 
of Valine 
Free 34 50 43 45 45 70 55 54 32 =109 48 33 
ere e TNP 43 93 57 fae 57 107 87 90 33 96 33 25 
ups Threonine - a _ 
Free 14 18 13 14 14 19 17 12 28 55 33 26 
TNP 3 74 31 pare on 40 49 56 32 87 36 25 
‘OF — 7. os 
Free 14 14 9 6 24 24 24 25 43 52 37 33 
— TNP 15 54 Ce ot 33 49 62 51 65 30 
— Histidine | — 7 oo 
Free 13 16 16 19 1] 14 10 i) 16 30 19 19 
TNP 16 36 18 _ 18 24 25 27 18 32 iv, 18 
— Lysine i a 
ne Free 29 30 27 42 23 37 2 29 37 7 i) 39 
- TNP 42 82 43 _ | 58 123 .-91 90] 58 119 45 40 
20 Methionine van 
39 Free 3 9 3 3 5 8 7 5 | 60 95 81 60 
“ TNP ’ n —_— 8 12 11 14] 60 94 76 7 
99 A, Following twelve hour fast (control). 
99 B, Immediately following cessation of amino acid administration. 
— C, Twelve hours after start of injection. 


D, Twenty-four hours after start of injection. 
_ *Total nonprotein amino acids (TNP) refers to the total quantity of each individual 
amino acid present in the tungstic acid filtrates of plasma as determined following hydrolysis 
and includes the “free” amino acids which are microbiologically available before hydrolysis. 
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of normal subjects,’ the control values in the normal subject and in patients 
T. J. and J. B. varied; however, the trends of excretion were similar and it is 
this relationship we wish to emphasize. The larger outputs of nitrogen and 
individual amino acids in the urine of Subject T. J. seem attributable to the 
high-protein diet ingested by this patient immediately prior to the study. Sub- 
ject M. P. excreted a quantity averaging only 2.2 per cent of the administered 
amino acids. In Subjects J. B. and M. P. the outputs of seven of the eight 
amino acids remained slightly elevated during the postinfusion period. In the 
normal subject and in all three patients, the amino acid outputs in the urine 
proportionally were largest for histidine, threonine, and lysine, in that order. 

ree amino acid levels in plasma did not change or increased only slightly 
following the administration of hydrolysate, except in Subject J. B. (Table III). 
In this patient the concentrations of seven of the eight amino acids rose signifi- 
cantly during the infusion, but original levels were regained six hours later. 

Significant but more variable increases occurred for certain amino acids 
in the total nonprotein fraction after the infusion of protein hydrolysate; orig- 
inal levels were approximately regained twelve to twenty-four hours later (Table 
IIT). 


COMMENT 


The normal trends of excretion of nitrogen and amino acids and the approxi- 


mately normal ranges of amino acids in the plasma of the patient with subsid- 


ing mild hepatitis are compatible with the excellent hepatic function in this sub- 
ject. In Subject M. P., with intense jaundice, coma, edema, and ascites, much 
more of the administered nitrogen was retained, smaller amounts were converted 
to urea and ammonia, and smaller quantities of amino acids appeared in the 
urine. Similar results were obtained in another patient with equally severe 
hepatitis given 75 Gm. of salt-poor human albumin. These low values are not 
attributable necessarily to impaired hepatic function; they may reflect loss of 
the administered protein into the ascitic fluid; of interest also is the subsequent 
histologic demonstration of regenerating liver tissue at necropsy. This case 
particularly illustrates the difficulty in evaluating data in patients with ex- 
treme hepatic insufficiency, decreased renal funetion, and concomitant impair- 
ment of many metabolic activities. 

The observations in Subject J. B. with portal cirrhosis and moderately 
severe hepatitis can perhaps be interpreted more definitively. Although hepatic 
function was markedly altered, other complicating factors, with the exception 
of moderate ascites and edema, were not apparent; it should be emphasized 
that renal function was satisfactory and urine flow in response to the admin- 
istered fluid was identical with the normal. The rise in urinary nitrogen and 
amino acid excretion in response to the infusion of protein was less than normal; 
the pattern of excretion paralleled the normal trend, but the values remained 
somewhat elevated during the afterperiod. Although control values were re- 
gained six hours later, amino acid levels in plasma at the completion of the in- 
fusion were distinetly higher than normal. These data, on the basis of observa- 
tions by Christensen™ and by Sheffner and Bergeim,'* may be interpreted as 
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reflecting slower uptake of amino acids by the liver during the period imme- 
diately following infusion, when the plasma levels were high, and, as a con- 
sequence, greater than usual uptake of amino acids by other tissues, particularly 
the kidney. The persistent increases in amino acids in the urine at basal plasma 
levels then could be attributed to the subsequent release of amino acids into the 
distal tubules where they are less likely to be reabsorbed. 


The high concentrations of free methionine in the plasma of Subject J. B. 
are of particular interest. Further study of this problem (Table IV) indicated 
that the free methionine in plasma was very high in patients with severe acute 
hepatitis (averaging twelve times greater than normal), whereas normal values 
were obtained in mild, healing, or healed hepatitie disease. The mechanism of 
this metabolic defect, apparently specific for methionine, remains to be deter- 
mined. Kinsell and co-workers'® also have reported high fasting levels of 
methionine in the plasma of patients with acute hepatitis and during the acute 
phase of chronic liver injury. Thus, determinations of plasma methionine may 
be useful in evaluating the severity of parenchymal disease of the liver. 


TABLE IV. FASTING PLASMA FREE METHIONINE IN PATIENTS WITH AND WITHOUT HEPATIC 
DISEASE 








NUMBER OF ‘PLASMA METHIONINE (Y/ML. ) 

SUBJECTS AVERAGE | RANGE 
Normal 7 5.06 2.6- 6.4 
Peptic ulcer 4 4.45 1.8- 6.3 
Ulcerative colitis, regional enteritis 4 5.99 2.4-10.6 











Portal cirrhosis* 6.10 
Biliary cirrhosist : 1.67 
Posthepatitis 1.45 
Subsiding moderate or mild hepatitis 6.62 


Severe active hepatitis a 24.6 
43. 
56. 
60. 
66.9, 105. 





*Ascites in four patients. 
jJaundice in one patient, 


SUMMARY 


Individual amino acids in plasma and the excretion of nitrogen and amino 
acids in the urine were measured in a normal man and in three patients with 
varying degrees of hepatitis before, during, and after a single intravenous in- 
fusion of hydrolyzed protein. 

The data suggest that amino acids, with the possible exception of methionine, 
are metabolized adequately, albeit less efficiently, in the presence of clinically 
severe disease of the liver. 

The fasting plasma methionine was very much increased in patients with 
severe acute hepatitis, in contrast to the normal values in mild, healing, or 
healed hepatic disease. 
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LABORATORY OBSERVATIONS ON THE ACTIONS OF AUREOMYCIN, 
CIRCULIN, POLYMYXINS B, D, AND E ON ENDAMOEBA 
HISTOLYTICA 


JOHN Y. C. Watt, PH.D., aNnp W. B. VANpDEGRIFT, M.D. 
Fort Howarp, Mp. 


HOUGH a great deal of study has been devoted to the action of antibioties 

on the parasitic protozoan, Endamoeba histolytica, several antibiotics are 
without report of study. Knoll and Howell’ found that cultures and cysts of 
E. histolytica were unaffected by penicillin in concentrations as high as 10,000 
units per milliliter, although the concomitant bacteria were suppressed. Seneca, 
Henderson, and Harvey? and Spingarn and Edelman* demonstrated that cul- 
tures of EL. histolytica survived in streptomycin in concentrations ranging from 
1,000 to 3,000 units per milliliter. Thompson and associatest reported that 
bacitracin did not exert ‘‘encouraging’’ antiamoebie action in vitro and in in- 
fected dogs, whereas definite antiamoebic action in vitro and in vivo to bacitracin 
was reported by Meleney® and Most and co-workers. Antiamoebie action to 
aureomycin was reported by MeVay and associates” * and Hughes,’ to polymyxin 
B by Anderson and Anderson,’® and to Chloromycetin by Thompson and asso- 
ciates.t No data are available as to the effect of polymyxins D and E and cireu- 
lin on amoebae. 

The object of this study is to evaluate under controlled conditions the effect 
of the five antibiotics on E. histolytica from the standpoints of: (1) amebacidal 
activities, (II) survival of cultures of amoebae, (IIIT) development of artificial 
resistance, (IV) action of combinations of antibiotics, and (V) determination 
of the immediate effect of aureomycin therapy by means of cultures of stools 
of patients infected with EF. histolytica. 


MATERIALS AND METHODS 


In 1949 seven strains of active trophozoites were isolated on Endamoeba medium 
(Difeo) from the feces of seven individual patients infected with HF. histolytica, They 
were maintained by subculturing every forty-eight to seventy-two hours, 

The culture medium was prepared by dissolving 33 Gm. of Endamoeba medium (Difco) 
in 1,000 ml. of distilled water. The solution was tubed in 7 ml. amounts and autoclaved at 
15 pounds pressure for twenty minutes. The tubes were allowed to solidify in a slanted 
position. Prior to use, the slants were covered with 2 ml. of a mixture of sterile human 
serum diluted 1 to 10 parts in isotonic sodium chloride solution (pH 7.2 to 7.5). A small 
amount of rice powder was added to each tube by means of a wide-mouthed pipette with 
a rubber bulb or a bacteriologic loop. 


From the Laboratory, Veterans Administration Hospital. 
; Thanks are expressed to Lederle Laboratories, Burrough Wellcome, and The Upjohn 
Company through Dr. Perrin H. Long for the antibiotics used in these studies. 

; Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result of 
mele own study and do not necessarily reflect the opinion or policy of the Veterans Administra- 
lon, 
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The effect of the antibiotics on the cultures of FE. histolytica was tested by diluting 
serially each antibiotic in 1.5 ml. of the liquid portion of the culture medium and add 
0.5 ml. of a uniform heavy suspension of the active trophozoites. The cultures were in 
cubated at 37° C. and were examined at twenty-four, forty-eight, and seventy-two hour int: 
vals for viable trophozoites. This was done by aspirating with sterile pipettes a small drop of 
the serum-saline from the bottom of the liquid and placing it on a slide under a cover slip. 
Amoebae, if present, were examined microscopically for size, motility, and the presence of 
phagocytized rice particles. 

Control cultures for establishing the viability of HE. histolytica and the concomitant 
bacteria were made for each test. The concomitant bacteria were studied in two strains. 
Primary bacterial isolation was accomplished by the use of Trypticase blood agar aerobic 
plates (BBL), which contained 5 per cent rabbit blood, and thioglycollate broth (BBL 140). 
Secondary differential media included the indicated carbohydrates, me lia for testing produc 
tion of indol and urease and utilization of sodium citrate (Simmons), and test media for 
the Voges-Proskauer reaction and the methyl red test; no anaerobic bacteria were identified. 
The bacteria flora of the two strains were entirely different. The flora of strain IV was 
Streptococcus faecalis, Pseudomonas species and a Micrococcus species, none of which pro 
duced gas. The flora of strain III was Aerobacter aerogenes, Aerobacter species, unidenti- 
fied strongly beta hemolytic gram-negative bacillus, and a Corynebacterium species (diphi 
theroid) ; the first three bacteria produced abundant gas. Thioglycollate broth (BBL 140) 
was used as the medium in the coutrol cultures for establishing the viability of concomitant 
bacteria in each test. 

RESULTS 

I. Amebacidal Activities of Antibiotics —Before the difference in ameba- 
cidal activities of the five antibiotics was determined, each strain of FH. histo- 
lytica had passed through fifteen to twenty subcultures. No less than eight 
tests were performed with each antibiotic on each of the seven strains of 
E. histolytica. 

The results indicated a definite range of amebacidal activity; that is, the 
point at which the antibiotic became amebacidal without killing the concomitant 
bacteria. Of the five antibiotics tested for in vitro action, polymyxin B and 
aureomycin possessed the greatest amebacidal activity ; then followed polymyxin 
E. Polymyxin D and cireulin possessed the lowest amebacidal effects. See 
Table I. 


TABLE I. THE INHIBITORY EFFECTS OF ANTIBIOTICS ON SEVEN STRAINS OF ENDAMOEBA 
HISTOLYTICA IN VITRO IN 24 Hours 





~ INHIBITORY CONCENTRATIONS OF 





AUREOMYCIN POLYMYXIN B| POLYMYXIN D |POLYMYXIN E* CIRCULIN 

(MG./ML. ) (MG./ML.) | (MG./ML.) (MG./ML.) | (MG./ML.) _ 
Range ..  0.22-025 0.18-022 2025 O5OF5 = 2.25-2.50 
Average 0.237 0.191 2.185 0.52 2.57 
pH 6.9-7.2 7.4-7.6 7.9-7.9 7.2-1.4 7.4-7.6 
Bacteria rn + 4 





*Three strains of Hndamoeba histolytica were tested. 


IT. Effect of Antibiotics Favoring the Survival of E. histolytica Cultures.— 
In contrast to the amebacidal effect there was an opposite effect. In certain 


low dilutions the antibiotics increased considerably the time of survival of £. 
histolytica in cultures. Spingarn and Edelman* *' demonstrated that strep- 
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tomycin hastened the excystation of cysts in addition to prolonging the viability 
of cultures of amoebae. Fuller and Faust? demonstrated an optimum dilution 
of aureomycin which favored the survival of the cultures. 

In order to determine the effect of highly diluted antibioties on the survival 
of cultures of amoebae, a series of Endamoeba culture tubes were prepared so 
that various concentrations of antibiotics were contained in 3.5 ml. of the 
liquid overlay. The increased amount of overlay liquid, as compared to the 
antibiotic test cultures, compensated for evaporation which occurred during the 
prolonged incubation. One-half milliliter of suspended living trophozoites was 
added to each tube. Both the experimental and the control cultures were ex- 
amined each day; as the cultures aged, the living amoebae diminished in num- 
ber, the cytoplasm contained vacuoles and no phagocytized rice particles and, 
finally, all amoebae disappeared. See Tables II and III for the results. 


TABLE II. THE INCREASE OF SURVIVAL TIME OF CULTURES OF E. HISTOLYTICA BY LOW 
CONCENTRATIONS OF ANTIBIOTICS 



























































~~ ANTIBIOTIC l CONCENTRATIONS OF ANTIBIOTICS (MG, PER. ML.) 
~Polymyxin B 0.125 | 0.0625 | 0.0313 | 0.02 0.01 | 0.005 | 0.0025 — 
Maximum surviving days} 5 8 8 9 9 12 8 
~Aureomycin 0.5 | 0.25 | 0.125 | 0.0625 | 0.0313 | 0.0156 | 0.0078 __ 
Maximum surviving days] 0 0 6 16 9 8 8 
Polymyxin E ‘1.875 | 0.9375 | 0.4688 | 0.2344 | 0.1171 | 0.0586 | 0.0283 _ 
Maximum surviving days| 0 0) 7 17 9 6 6 
~Cireulin 2.5 1.25 0.625 | 0.3125 | 0.1563 | 0.0782 | 0.0391 _ 
Maximum surviving days] 0 9 18 13 10 10 10 
~Polymyxin D 3.3 =| 20 «| 165 | 0.825 | 0.4125 | 0.2063 | 0.1031 _ 
Maximum surviving days| 0 0 7 14 24 16 8 


TABLE ILI. THE OPTIMUM EFFECT OF LOW CONCENTRATIONS OF ANTIBIOTICS ON TILE 
SURVIVAL OF CULTURES OF KE, HISTOLYTICA 








| NUMBER OF SURVIVAL TIME (DAYS) 
ANTIBIOTICS MG./ML. | CULTURES AVERAGE | RANGE 
Controls 0.005 | 8 7 6-8 
Polymyxin B 8 11.37 10-12 
Controls 0.0625 | 8 7 6-8 
Aureomycin | 8 15.0 12-16 
Controls — 0.234 ~ 2 7 ~ 68 
Polymyxin E | 10 15.6 14-17 
Controls : 0.625 | 10 7 ~ 6-8 
Cireulin 7 17.56 17-18 
Controls 0,825 10 ve 6-8 
Polymyxin D 10 22.20 20-24 








In the tubes containing the optimum dilution of antibiotics, the growth of 
the bacterial flora was partially inhibited. In comparison to the controls, the 
serum-saline overlay was less turbid and gas production was less. 

IIT, Artificial Development of Resistance.—An effort was made to induce 
resistance in each of the strains of EK. histolytica to the three antibiotics posses- 
sing the highest amebacidal activity. namely, aureomycin and polymyxins B 
and EK. Transfers of each strain were made twice weekly in Endamoeba medium 
containing increasing amounts of antibiotics. 
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Results obtained after many attempts indicated that two strains, Nos. II and 
IV, developed a slight increase in resistance to aureomyecin from an initial sensi- 
tivity of 0.25 mg. to one of 0.45. None of the strains developed resistance to 
polymyxin B and polymyxin E. 


IV. Effect of Combination of Individual Antibiotics on E. histolytica Cul- 
tures.—The work of Seneca and associates? indicated no amebacidal effect of 
penicillin and streptomycin but the combination of the two in equal amounts 
killed amoebae. 

Inasmuch as polymyxin D and cireulin possessed least amebacidal activity, 
they were added in varying equal combined amounts to the culture overlays, 
which were then inoculated with active trophozoites. At the same time, for 
each test culture, two controls were made. Each control contained an amount 
of the single antibiotic equal to the amount of the combined antibiotics. 

(Growth of E. histolytica in the presence of less than 2 mg. per milliliter of 
polymyxin D or cireulin was uninhibited. No growth occurred in the first 
equally combined antibiotics in a concentration of 0.7 mg. per milliliter in the 
first subcultures and 0.6 mg. per milliliter in the second subcultures. Greater 
dilutions had no effect. See Table IV. 

V. The Immediate Effect of Aureomycin Therapy as Determined by Daily 
Cultures of Stools ——As indicated in Table V, daily stool specimens of the six 
patients treated with aureomycin were negative after three days, or a total 
dosage of 5 to 6 Gm., and remained negative for twenty to twenty-five days. 
Although the negative daily tests proved immediate cure, no claim is made for 
clinical cure owing to absence of adequate follow-up stool examinations. 


TABLE V. DAILY DOSES OF AUREOMYCIN ADMINISTERED EACH PATIENT 




















~ GRAMS OF AUREOMYCIN 
PER PATIENT PER DA 
ee ee TOTAL NUMBER OF NEGA- 
ay: ___ DAY — ro GRAMS TIVE DAILY STOOL 
PATIENT | STAGES OF E. HISTOLYTICA 1S a eS GIVEN EXAMINATIONS 
1 ‘| Cysts a; f+ = 7.0 25 - 
2 Cysts io 2 2 2 7.5 20 
3 Cysts and trophozoites eZ 2 2 2 8.0 22 
4 Cysts and trophozoites 2 2 2 2g 8.0 21 
D Cysts and trophozoites 2 23 2 8.0 20 
6 Cysts and trophozoites 2 2 2 2 2 10.0 20 


SUMMARY AND CONCLUSIONS 


Polymyxin B and aureomycin produced the greatest amebacidal activity; 
then followed polymyxin E. Polymyxin D and circulin possessed the least 
activity. Each antibiotic possessed a critical range of concentration at which 
it killed the amoebae without killing the concomitant bacteria. 

Kach antibiotic in certain high dilutions behaved similarly by prolonging 
the life of the trophozoites of FE. histolytica from seven to eight days in the con- 
trol cultures to as long as twenty-four days in cultures containing the critical 
dilution. 
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A slight rise in resistance in two strains of EL. histolytica to aureomyein was 
noted. 

Combined polymyxin D and circulin, each of which possessed a low amelja- 
cidal action, manifested a synergistic effect and became moderately amebacidal. 

Six patients were given 7 to 10 Gm. of aureomycin in divided doses over a 
period of four to five days. Cultures and microscopic examinations of daily 
stool specimens were negative for E. histolytica after three days of 5 to 6 Gm. 
of aureomycin and remained negative for the duration of testing or twenty to 
twenty-five days. 
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THE TREATMENT OF VARIOUS INFECTIONS WITH TERRAMYCIN* 


Eston R. CALDWELL, Jr., M.D., Harotp W. Spies, M.D., AND CHARLES K. WOLFE, 
M.D., WasHinaton, D. C., Mark H. Lerrer, M.D., anp Harry F. DOWLING, 
M.D., Cuicaco, IL. 


ERRAMYCIN is an antibiotic isolated by Finlay and co-workerst from 

a newly discovered mold, Streptomyces rimosus. It is a erystalline am- 
photerie substance which can be reacted with certain acids or bases to form 
stable erystalline salts. Terramycin has been made available to us as the 
hydrochloride. In this form, it is more rapidly absorbed and produces higher 
serum concentrations than the amphoteric substance. The present paper is ¢ 
report on 171 patients with various infections treated with terramycin. 

The dose of terramycin hydrochloride used in most of the adults in our 
series was 2.0 Gm. initially, followed by 0.5 Gm. every four hours. Children 
were given 50 mg. per kilogram of body weight per day. One adult patient 
received 0.5 Gm. every six hours and three were given 1 Gm. every four hours. 
Therapy usually was continued until the temperature was normal for forty- 
eight hours or, in the ease of urinary tract infections, until the infecting or- 
ganism could no longer be obtained on culture. 


CLINICAL RESULTS 


Pneumococcic Infections—(Table 1). Forty-eight patients with pneumo- 
coccic pneumonia have been treated with terramyein. Pneumococci were typed 
from the sputum of nineteen of these patients. The pneumonias in the other 
twenty-nine patients had the clinical characteristics of pneumococcic infections, 
although pneumococci were not identified. The ages of the patients in the entire 
group ranged from 5 to 85 years. Nineteen (39 per cent) were over 50 years 
of age. 

Two patients with “typed” pneumococcic pneumonia died. One patient, 

C. C., an 85-year-old white woman, was admitted to the hospital in congestive 
heart failure and with auricular fibrillation and signs of consolidation of the 
right lower lobe. Type 3 pneumococci were cultured from the blood. Ter- 
ramyecin was administered in a dose of 2 Gm. initially, followed by 0.5 Gm. at 
four-hour intervals. Transfusions of whole blood, digitalis, and diuretics also 
were given. The temperature was never above 99° F. Up to the seventh hos- 
pital day, the patient improved clinically and the physical signs of pneumonia 
became less pronounced. She was found dead in bed on the eighth hospital 
day. Permission for post-mortem examination was not granted. 
; From the Department of Preventive Medicine, University of Illinois College of Medi- 
cine, Chicago, Ill., and the Departments of Medicine, George Washington and Georgetown 
Universities, and the George Washington and Georgetown Medical Divisions, Gallinger Muni- 
cipal Hospital, Washington, D. C. 
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RESULTS OF TERRAMYCIN TREATMENT OF 171 PATIENTS 








INFECTION 





| NUMBER OF an 





| PATIENTS 
TREATED 





SUCCESSFUL | EQUIVOCAL 


UNSUC- | 
CESSFUL | 


DIED 








Pneumococcic infections 
Typed pneumococcic pneumonias 
Untyped (clinically: pneumococcic ) 
pneumonias 


Streptococcic infections 
Searlet fever 
Beta streptococcic pharyngitis 
Beta streptococcic pneumonia 
Gamma streptococcic perirectal 
abscess 


Gonococcie infections 
Acute urethritis 


Infections with gram-negative rods of 


the urinary tract 

Esch. coli 

Proteus 

Esch, coli and Proteus 

Ps, aeruginosa 

Myco. tuberculosis, staphylococcus, 
and Esch, coli 


Other bacterial infections 
Esch. coli endometritis 
S. paradysenteriae dysentery 
S. typhosa carrier 
Ps, aeruginosa osteomyelitis 
Pertussis 


Vincent’s infection 


Viral infections 
Measles 
Mumps 
Herpes zoster 
Lymphocytic choriomeningitis 
Infectious mononucleosis 
Chicken pox 


Other infections 
Pharyngitis 
Diarrhea 
Tracheobronchitis 
Stevens-Johnson syndrome 
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The other patient, G. P., was a 63-year-old, alcoholic, colored man who 


was 
eal 
x-ray. 


admitted to the hospital with a temperature of 104° F. 


There were physi- 
signs of consolidation of the right lower lobe which were confirmed by 
The leukocyte count was 5,300 per cubic millimeter, of which 89 per 


cent were polymorphonuclear neutrophils. Type 6 pneumococci were ident- 
fied in the sputum. The blood cultures were sterile. Terramyein was admin- 
istered in a dose of 2 Gm. initially, followed by 0.5 Gm. every four hours. On 
the third hospital day, the patient became uncooperative and refused to take 


oral medication. 


At this time, intravenous terramycin therapy was begun In 


doses of 500 mg. every four hours for five doses. On the fourth hospital day, 


therapy was changed to 500 mg. orally at four-hour intervals. Rectal tempera- 
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tures remained between 101° and 104° IF’. On the fifth hospital day, the patient 
went into shock, the temperature rose rapidly to 106° F., and soon after this 
the patient died. Post-mortem examination showed cirrhosis of the liver, 
bilateral lower lobe pneumonia, and a generalized peritonitis due to a per- 
foration in the transverse colon about 1 em. in diameter. Several additional 
shallow ulcers were seen in the transverse colon. The exact etiology of the 
ulcers has not been determined. 

The remaining forty-seven patients treated with terramycin responded 
promptly. Two patients, E. F. and M. M., were found to have small pleural 
effusions on the seventh and ninth hospital days respectively. Following the 
aspiration of 100 ¢.c. of serous fluid from E. F. and 60 ¢.e. from M. M., both 
made an uneventful recovery, although Patient E. F.’s pneumonia resolved 
slowly. Cultures from the pleural fluids of these patients showed no growth. 

Streptococcic Infections.—Fourteen patients with streptococcie infections 
have been treated. Seven patients with scarlet fever made a rapid recovery 
without complications, with the exception of one who developed measles. The 
temperatures of four of the patients were below 100° I. per rectum within 
twenty-four hours of the first dose of terramycin. The temperatures of the 
other three patients were below 100° I. within forty, forty-eight, and sixty 
hours, respectively, after the beginning of therapy. Follow-up throat cultures 
were done on three of the patients on the third day and on another patient on 
the fourth day of therapy and daily therafter during hospitalization. No 
hemolytic streptococci were found on any of these cultures. 

Three patients with tonsillitis and pharyngitis caused by beta hemolytic 
streptococci also responded rapidly to therapy. Three patients had pneumonia 
caused by beta hemolytic streptococci. The temperature fell within twenty- 
four hours of the start of terramycin therapy in each ease and all the patients 
improved rapidly. 

One patient with a perirectal abscess caused by anaerobic gamma strepto- 
cocci responded promptly to terramycin treatment and surgical drainage. 

Gonococcic Infections—We have administered terramycin to seven young 
adult male patients with acute gonorrheal urethritis. Three of these patients 
were symptom free in twelve hours, and three others after twenty-four hours 
of therapy. The seventh patient had slight urethral burning and a thin, color- 
less urethral discharge for twenty-four hours after therapy was begun. Forty- 
eight hours after therapy was started, he was asymptomatic. Smears of the 
urethral discharge obtained from one patient three, six, twelve, eighteen, and 
twenty-four hours after the first dose of terramycin showed a reduction in the 
number of gonococei in the smear taken at twelve hours and no organisms in 
the twenty-four hour smear. All seven patients were treated for a period of 
four to five days. No complications or relapses occurred in a fifteen-day period 
of observation following the termination of treatment. 

Infections Caused by Gram-Negative Rods.—In the case of five patients 
with Escherichia coli infections of the urinary tract, the urinary infection dis- 
appeared promptly and the patients recovered within a few days. When the 
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sixth patient with an Esch. coli infection failed to improve, a Proteus infection 
was found to have developed in the urine, upon which further terramycin treat- 
ment had no effect. 

Proteus alone was cultured from the urine of one patient. Terramycin 
therapy did not affect the clinical course of the disease nor the urine culture. 

Both Proteus and Esch. coli were present in the urine of three patients, 
One patient recovered completely, as measured by both clinical and cultural 
criteria. One patient improved clinically and then relapsed. At this time and 
on subsequent cultures, Proteus was found in the urine. The third patient im- 
proved sufficiently for an operation to be performed to remove the kidney 
along with a stag-horn calculus and remained well after the nephrectomy. 

Pseudomonas acruginosa was present in the urine of one patient with chronic 
pyelonephritis. After terramycin treatment, the Pseudomonas disappeared 
and the patient remained well even though Proteus was later cultured from 
the urine. One patient with tuberculosis of the kidney whose urine was see- 
ondarily infected with staphylococcus and Esch. coli improved considerably 
on terramyein therapy. The kidney was removed and the patient recovered 
completely. 

In summary, terramycin treatment of twelve patients with infections of the 
urinary tract resulted in the recovery of seven patients, no improvement in the 
case of two patients, improvement and relapse in one patient, and sufficient im- 
provement to allow nephrectomy to be performed in the case of two others. 

Other Bacterial Infections—We employed terramycin in the treatment of 
four patients with post-partum endometritis,: two of whom had failed to re- 
spond to penicillin and sulfadiazine therapy. Esch. coli was cultured from the 
lochia of each patient. After twenty-four hours of terramycin therapy in all 
four patients, the temperature had returned to normal, the suprapubic tender- 
ness present before therapy had disappeared, and the lochia was no longer 
foul. Terramycin was administered for five days altogether. 

We have treated one typhoid earrier, a 52-year-old colored woman, known 
to be a earrier for at least seven years. Three cultures of the contents from 
biliary drainage and stool culture on one occasion revealed Salmonella typhosa. 
The patient was then given 2 Gm. of terramyein, followed by 1 Gm. at four- 
hour intervals. After seven days of treatment, a cholecystectomy was per- 
formed, and a culture from the gall bladder was sterile. Four subsequent stool 
cultures were also sterile. 

Shigella Infections: Six children between the ages of 4 and 6 years who 
developed dysentery due to Shigella parladysenteriae during an epidemic in an 
orphanage were given terramycin. The diarrhea, which was pronounced in 
each instance, stopped within forty-eight hours in the case of four patients and 
within seventy-two hours in the other two. Stool cultures were repeated on 
the second and fourth days of terramycin therapy and for three days following 
discontinuance of therapy. In all instances the organism disappeared from 
the stool after treatment was started and did not reappear. 

One other patient with dysentery due to a similar organism from a differ- 
ent source responded to terramycin therapy with cessation of the diarrhea 
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within seventy-two hours. Stool cultures taken on the seventh day of therapy, 
which were the first follow-up cultures obtained, no longer showed S. para- 
dysenteriae. 

One patient with osteomyelitis of the mandible caused by Ps. aeruginosa 
failed to improve symptomatically on terramycin therapy, and cultures re- 
mained positive for Ps. aeruginosa. 

Two children with pertussis were treated with terramycin. The entire 
course of their illness before and after admission to the hospital was mild and 
no complications occurred. We cannot evaluate the role of terramycin therapy 
in these two patients. 

Vincent’s Infection.—Three patients with Vineent’s pharyngitis and ton- 
sillitis were treated with terramycin and all responded well. 

Viral Infections.—Terramycin was administered to forty-six patients with 
measles. In order better to evaluate its effect, we treated fourteen alternate pa- 
tients with terramycin and fourteen alternate control patients with supportive 
measures only. A comparison between fourteen patients with measles treated 
with terramycin and fourteen patients with measles not treated with terramycin 
showed no significant differences. No effect from the terramycin was evident in 
the thirty-two additional patients with measles. One patient with scarlet fever 
developed the characteristic rash of measles after having received terramycin 
for four days. 

Nine patients with mumps were treated with terramyecin and compared 
with nine alternate controls. No significant differences could be found between 
these two groups. <A 6-year-old boy with herpes zoster was treated with ter- 
ramycin and seemed to respond satisfactorily. The vesicles became dry in two 
days and no pain was noticed after that time. 

One patient, a 15-year-old colored boy, with lymphocytic choriomeningitis 
was treated with terramycin. He was admitted to the hospital with a history of 
severe headache for two days and a temperature of 104° F. Terramycin, 2.0 Gm. 
immediately, followed by 0.5 Gm. every four hours, was started. The tempera- 
ture continued to spike up to 104° F. by rectum each day for two days and then 
receded gradually to normal after seven days of therapy. The headache and stiff 
neck improved rapidly over the first two days of therapy. In the spinal fluid, 
however, the lymphocytes rose from 250 per cubie millimeter on the day of ad- 
mission to 840 per cubie millimeter after two days of therapy. After seven days 
of therapy, the spinal fluid contained 722 white blood cells per cubic millimeter, 
of which 95 per cent were lymphocytes. From that point on the patient’s condi- 
tion returned rapidly to normal. 

We have treated one patient with infectious mononucleosis and one patient 
with chicken pox who improved while on terramyein therapy. 

Other Infections.—Three patients were treated who had an acute pharyn- 
gitis from which no specific organisms could be cultured. All improved rap- 
idly. Six children with diarrhea of undetermined etiology were treated. 
Four responded well and two failed to improve. Three patients with nonspe- 
cific tracheobronchitis were treated with terramycin and improved within 
twenty-four to forty-eight hours. 
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A 77-year-old colored girl with Stevens-Johnson syndrome recovered dya- 
matically during terramycin therapy. The temperature began to fall within 
twelve hours of the start of therapy and was completely normal by the fourth 
day. Clinical improvement was pronounced by the third day of therapy. The 
patient was discharged, completely well, eighteen days after admission. 


TOXIC REACTIONS 


The toxic reactions observed during the course of treatment of patients 
were usually limited to the gastrointestinal tract. As shown in Table II, they 
consisted of nausea, vomiting, loose stools, and occasionally epigastric burn- 
ing. Practically all of these symptoms appeared after three to five days of 
therapy. Only seven patients had nausea and vomiting severe enough to re- 
quire discontinuance of therapy. In all of these patients, sufficient clinical 
improvement had occurred so that further treatment was not necessary. The 
gastrointestinal symptoms were usually controlled with aluminum hydroxide 
gel and tincture of belladonna before each dose of terramycin. 


TABLE II. Toxic REACTIONS 'ro TERRAMYCIN 


ye PATIENTS TREATED 
zi 


WITH LARGE DOSES 
_OF TERRAMYCIN } 


| PATIENTS TREATED WITH USUAL 
| DOSE OF TERRAMYCIN* 
| 


NUMBER _PER CENT _ NUMBER 

All patients 168 100 3 
-atients with no toxic reactions 125 70 0) 
-atients with 

Nausea 16 10 3 

Nausea and vomiting 17 10 3 

Loose stools or diarrhea 21 13 3 

Substernal or epigastric burning 4 2 2 

Vertigo” 0 e ] 


*In adults : 2.0 Gm. initially, followed by 0.5 Gm. every four hours. In children: 50 mg. 
per kilogram of body weight per day in six doses. 

yAdults treated with an initial dose of 2.0 Gm., followed by 1.0 Gm. every four hours 
by mouth. 

One patient who was receiving 1 Gm. of terramycin at four-hour intervals 
developed nausea and vomiting after four days of therapy. At the same time, 
she complained of light-headedness and vertigo. 


DISCUSSION 


From in vitro tests, it appears that terramycin has an antibacterial spec- 
trum which is similar to that of aureomycin and chloramphenicol.* The pre- 
liminary clinical observations reported herein bear out this general impression. 
Terramycin was effective against infections caused by gram-positive cocci and 
gonococci. It was effective in shigella dysentery and in some of the infections 
of the urinary tract caused by the gram-negative rods. More cases are needed 
to determine its value in Stevens-Johnson syndrome and pertussis. The anti- 
biotic appears to have no effect on the course of measles and mumps, whereas 
its effectiveness in herpes zoster, chicken pox, lymphocytic choriomeningitis, 
and infec tious mononucleosis cannot be evaluated from our few cases. 


*See footnote +, p. 747. 
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No serious toxic reactions were observed, although twenty-five per cent 
of the patients had one or more of the following symptoms: nausea, vomiting, 
loose stools, diarrhea, or substernal or epigastric burning. One patient had 
vertigo. The dose of terramycin which we employed in most of our patients, 
naniely, 2 Gm. initially followed by 1 Gm. every four hours, was an ample one. 
It is quite possible that smaller doses would be effective in some diseases and 
would result in fewer toxie reactions. 


SUMMARY 

Terramycin therapy was employed in the treatment of 171 patients with 
various infections. 

Terramycin was effective in the treatment of pneumocoecic pneumonia, 
streptococcic sore throat and pneumonia and scarlet fever, gonorrhea, Shigella 
dysentery and some urinary tract infections. It was ineffective in mumps and 
measles. In other diseases, further studies are needed to determine its useful- 
ness. 

Twenty-five per cent of the patients complained of one or more gastroin- 
testinal symptoms although discontinuance of the antibiotic was required in 
only seven instances, because of vomiting. One patient complained of transient 
vertigo. 








HUMAN INFECTION WITH THE VIRUS OF VESICULAR STOMATITIS 
R. P. Hanson, Pu.D.,* A. F. Rasmussen, Jr., M.D., Px.D.,t 
C. A. BRANDLY, D.V.M., M.S.,t anp J. W. Brown, M.D.§ 
MaApIson, WIS. 


VIDENCE of infection with the virus of vesicular stomatitis (V.S.V.) has 

been obtained in three cases in human beings which occurred during the 
course of recent animal experimentation at the University of Wisconsin. 

The strain of V.S.V. involved was isolated from an infected cow in Rusk 
County, Wisconsin,’ in October, 1949. The virus has been maintained in the 
laboratory by serial passage in 10-day embryonating eggs with fatal issue in 
thirty to forty-eight hours following inoculation into either the yolk or the 
allantoic chamber. Intradermal inoculation of the virus induced swelling and 
reddening of the foot pads in guinea pigs and intracerebral inoculation of mice 
resulted in death within forty-eight hours. The characteristic disease—vesic- 
ulation, maceration and sloughing of the mucosa, fever of 105° to 106° F., 
inappetence, and rapid loss of weight—was produced in cattle by inoculation 
of egg passage virus into the oral mucosa. On the basis of neutralization tests 
in embryonating eggs at the University of Wisconsin,! as well as by neutral- 
ization tests performed in guinea pigs by the Bureau of Animal Industry, 
United States Department of Agriculture, the strain has been shown to be the 
New Jersey type of V.S.V. 

Vesicular stomatitis has been a recognized disease of horses and cattle since 
1915.° It is also known to affect swine.?. Experimentally it can be transferred 
to guinea pigs and rats in which characteristic vesiculation of the foot pads 
may be induced.’ Intracerebral inoculation of the guinea pig, rat, mouse, mon- 
key, sheep, cow, and horse* causes a fatal encephalitis. 

Confirmed reports of human infection have not been encountered in the 
literature. Burton in 1917? believed, on the basis of contact and clinical symp- 
toms, that he and an assistant had contracted stomatitis contagiosa, an infection 
presumably identical with vesicular stomatitis. The virus was not isolated and 
specific antibodies were not demonstrated. Three cases of vesicular stomatitis 
in men who had handled lesions on cows’ teats were reported by Heiny* in 1945. 
In one of these individuals, the appearance of vesicles was accompanied by 
depression and rise in temperature sufficient to cause the man to remain in bed 
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for several days. Confirming laboratory examinations were not made. Un- 
verified observations by practicing veterinarians in the 1949 epizootic area of 
northwest Wisconsin also suggest that the disease is transmissible to man through 
contact with animals. 

Three members of the staff of this laboratory recently developed a disease 
characterized by sudden onset, myalgia, fever, and subsequent appearance of 
specific antibodies to V.S.V. This paper summarizes the results of studies 
made on these three patients. Since this experience with V.S.V. in man was 
unanticipated, Case 1 and Case 2 are not completely documented. 


METHODS 


A detailed description of this strain of V.S.V. and of the methods employed for its 
study in our laboratory will be reported elsewhere.1| The serum neutralization tests were 
performed in 10-day embryonating eggs with constant volumes of sera inactivated at 56° C. 
for thirty minutes and then mixed with logarithmic dilutions of the virus. After incubation 
at room temperature for thirty minutes the mixtures were inoculated into the allantoic 
chamber. The embryos were candled daily for four days and specific deaths recorded. Sera 
obtained from twelve individuals, other than the patients to be described, some of whom 
also had handled the infected animals and some of whom had not had such contact, were 
completely negative. These individuals had not experienced any symptoms of infection 
during the period of study. 


CASE REPORTS 

CasE 1,—This patient was a 26-year-old man who handled four experimentally infected 
heifers in the initial state of their disease. Thirty hours later he felt unusually tired. Pain 
developed in the leg muscles, eyes, and chest. During the evening he experienced repeated 
shaking chills even though his environment was warm. By 10:00 p.m. the temperature was 
104° F. orally and a physician was called. At that time the patient was described as acutely 
ill, shivering in bed, prostrated, complaining of dull, substernal pain, and generalized 
malaise. The other positive findings included dullness over the lower left side of the 
chest posteriorly where numerous moist inspiratory and expiratory rales were heard, Treat- 
ment consisted of general measures and a single intramuscular injection of 400,000 units 
of fortified procaine pénicillin (100,000 units of water-soluble sodium penicillin G and 
300,000 units of procaine penicillin G in aqueous suspension). Chilliness, alternating with 
frank chills and accompanied by severe muscular aching, persisted during the night. The 
patient had improved by the following morning. Except for marked weakness he was 
asymptomatic for the following three days. He was not seen by a physician during this 
period. 

On the fifth day after onset a sudden recurrence of malaise, chilly sensations and 
headache, accompanied by a mild sore throat, took place! The objective findings consisted 
of fever, 102° F., and redness and swelling of both tonsils. No other abnormalities were 
discovered. He received another 400,000 units of fortified procaine penicillin. Myalgia, 
malaise, and fever (101.6° F.) continued through the sixth day and subsided on ‘the 
seventh, The next day, the eighth day after onset, he reported for the first time to the 
Department of Preventive Medicine and Student Health. He was subjectively and objec- 
tively well except for patchy erythema of the throat and moderate weakness and fatiga- 
bility. An x-ray of the chest was normal. ‘otal leucocyte and differential count was 
within normal limits. Convalescence was uneventful thereafter. 

Serum obtained several weeks before the appearance of the described disease was 
negative for antibodies to V.S.V. Serum obtained seventeen days after the onset of illness 
neutralized 104 LD,» doses and on the twenty-fifth day after onset still neutralized 104 LD, 
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doses of virus. The pre- and post-phase sera failed to neutralize Newcastle disease virus 
and exhibited almost identical hemagglutination-inhibition titers for three types of influ 
enza virus: A, B, and A!; namely, 1,024 for PRS, 2,048 for Lee, and 1,024 for FM] 


respectively. 
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Fig. 1.—Case 3. Summary of clinical course and laboratory studies. 


CASE 2.—A 40-year-old man handled the same four heifers on the same days as did 
Case 1. The onset of his illness was abrupt, about thirty hours after exposure. Severe gen 
eralized muscular pain occurred, most pronounced in the muscles of the chest. The pain was 
not of pleuritic nature so far as could be determined. Headache, myalgia, and fatigue 
suggest that fever was present. Recovery was nearly complete in five days. Preinfection 
and acute phase sera were not obtained. Serum obtained seventeen days after onset of the 
infection neutralized 103-5 LD, doses of the virus and that taken on the twenty-fifth day 
neutralized 104 LD,, doses of V.S.V. 


CASE 3.—A_ 32-year-old man was spattered with virus containing material while harvest 
ing infected allantoic fluids. The clinical and laboratory data on this patient are sum 
marized in Fig. 1, The onset of the disease was rapid, occurring about noon, forty-eight 


hours after the exposure, ain was experienced in the muscles of the legs, back, and in 
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the eyes. Mental dullness and headache appeared early and increased in severity during 
the afternoon of the first day. The oral temperature was 102° F. at 4:00 p.M.; a frank 
chill oceurred at 7:00 P.M. Generalized myalgia accompanied by repeated chills continued 
during the early evening. Between 9:00 and 10:00 P.M, he perspired profusely; the tempera- 
ture decreased from 102° F. to 100° F., chills ceased, and he improved symptomatically. 
Twenty-four hours after onset, although weakness persisted, the patient considered him- 
self recovered, At this time he was seen in the Department of Preventive Medicine and 
Student Health. Injection of the conjunctivae, slight oropharyngeal erythema, and a 
small red papule on the buccal surface of the lower lip were the only abnormalities noted. 
X-ray examination of the chest was negative, and the hemoglobin, total leucocyte and 
differential counts were within normal limits. On the following day the patient continued 
to be subjectively well. 

On the fourth day a sudden recurrence of symptoms occurred, characterized by 
malaise, myalgia, headache, and anorexia, associated with chills and fever to 103° F. The 
symptoms were less severe than on the day of onset. However, the patient appeared to be 
acutely ill. The skin was hot and dry, The conjunctivae were injected and fetor oris 
was present. The papule on the buccal mucosa of the lower lip had developed into a 
small herpetiform ulcer about 2 mm. in diameter with punched-out edges and a clean 
grayish floor which was surrounded by an area of intense erythema. The tonsils were 
swollen. The anterior cervical and submental lymph nodes were swollen and tender, most 
marked on the right. Other lymphadenopathy was not evident and the spleen and liver 
were not palpable. The chest was clear. The total leucocytes were 10,800 per cubie milli- 
meter with a normal differential count. Fever of 101° F., malaise, anorexia, and myalgia 
continued for the next two days. Thereafter recovery was prompt and complete except 
for residual weakness which persisted for a week. Specific therapy was not administered. 

Sera obtained seven days before and two days after onset were negative for the 
presence of neutralizing antibodies to V.S.V. Serum taken ten days after onset neutralized 
102 LD,» doses of the virus and that collected eighteen days after the onset neutralized 
104 LD, doses. Blood agar plates and embryonating eggs, inoculated with blood collected 


on the fourth day of the disease, failed to reveal an infectious agent. Saliva collected 


within six hours of onset and inoculated into eggs and guinea pigs failed to yield V.S.V. 


CONCLUSION 


Three cases of infection with the virus of vesicular stomatitis in human 
beings are described... Kach presumably was exposed by contact with experi- 
mentally infected animals. In two instances a biphasic febrile course occurred. 
The disease was accompanied by fever, severe general malaise, and muscle pain. 
Mild stomatitis was noted in two of the three patients. One had suggestive 
evidence of pneumonitis during the height of the initial febrile period. Sub- 
sequently an x-ray of the chest was clear. Except for a somewhat prolonged 
period of fatigability in convalescence, recovery was prompt and uneventful. 

V.S.V. was not isolated but high neutralizing activity of the sera for V.S.V., 
New Jersey type, developed during the course of the disease in two individuals 
and was present to a similar degree after recovery in the third. This would 
support prior unverified observations that the virus of vesicular stomatitis is 
transmissible to man under naturally occurring conditions, and that infections 
of animals with this virus are of significance to public health. 


ADDENDUM 


Recently two other members of the laboratory staff have been encountered in whom a 


rise in serum antibody titer of over 1:1,000 occurred to V.S.V. One suffered an acute illness 
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similar to those reported; the other has not been ill except for symptoms of mild coryza, 
The latter suggests that inapparent infection with V.S.V. may be of significance. The serum 
of 


the remaining laboratory personnel continues to be negative for antibodies to this agent. 


REFERENCES 


. Brandly, C, A., and Hanson, KR. P.: The 1949 Outbreak of Vesicular Stomatitis in Wis- 


consin, To be published, 


. Burton, A. C.: Stomatitis Contagiosa in Horses, Vet. J. 73: 234, 1917. 
. Frank, A. H., Appleby, A., and Siebold, H. R.: Experimental Intracerebral Infection 


of Horse, Cattle and Sheep With the Virus of Vesicular Stomatitis, Am. J. Vet. 
Research 6: 28, 1945. 


. Heiny, E.: Vesicular Stomatitis in Cattle and Horses in Colorado, North Am. Vet. 26: 


726, 1945. 


. Mohler, J. R.: Vesicular Stomatitis of Horses and Cattle, J. Am. Vet. M. A. 52: 410, 


1918. 


. Olitsky, R. K., Cox, H. R., and Syverton, J. T.: Comparative Studies on the Virus of 


Vesicular Stomatitis and Equine Encephalomyelitis, J. Exper. Med. 59: 159, 1934. 


. Wagener, K.: Investigations on the Pathogenicity of Vesicular Stomatitis Virus, Cornell 


Vet. 21: 344, 1931. 














mn 
t. 


of 


ol] 








TWO-HOUR VERSUS THREE-HOUR ADMINISTRATION OF 
CRYSTALLINE PENICILLIN G 


THE TREATMENT OF EARLY SYPHILIS 


HERMAN N. BuNDESEN, M.D.,* JAck RopriquEz, M.D.,+ AND 
GEORGE X. SCHWEMLEIN, M.D.+ 
Cuicago, IL. 


PREVIOUS report! dealing with the subject of crystalline penicillin G 
A as compared with amorphous penicillin in the treatment of early syphilis 
showed the former to be therapeutically more effective. This study was pat- 
terned after Mahoney’s original investigation” in that the patients received the 
penicillin in aqueous medium at three-hour intervals. Some competent ob- 
servers have felt that greater efficiency could be had if the penicillin were 
administered at two-hour intervals. 

At the time the previous, three-hour study was being conducted, a second 
group of patients were being treated on a two-hour schedule. The present 
paper attempts to evaluate the two- versus the three-hour method of discon- 
tinuous treatment. 

The patients included in both studies were dark-field positive, and 2.4 
million units of erystalline penicillin G were used during seven and a half days 
in both investigations. Statistical methods of evaluation of treatment results 
are identical. 

There are presented herewith preliminary data on the use of total dosages 
of 2.4 million units of crystalline penicillin G administered in aqueous solu- 
tion—26,666 units intramuscularly every two hours for ninety injections over 
seven and a half days. 

One hundred eighty-four patients with dark-field positive early syphilis 
were treated by the described schedule from Aug. 13, 1946, through Nov. 15, 
1947. No further treatment was administered unless either clinical or sero- 
logic relapse oceurred or pregnancy intervened. The results of observation 
of these patients over a period of twelve to fifteen months are presented. 

The distribution of patients by race, sex, and age is indicated in Table I. 
The ages of the patients ranged from 15 to 49 vears; 12.0 per cent were under 
20 years; 38.6 per cent were from 20 to 24 years; 49.4 per cent were over 24 
years of age. 

There were forty-two (22.8 per cent) cases of primary seronegative syphi- 
lis, fifty-eight (31.5 per cent) cases of primary seropositive syphilis, seventy- 
nine (43.0 per cent) cases of secondary syphilis, and five (2.7 per cent) cases 
of relapsing secondary syphilis. 

From the Chicago Intensive Treatment Center, Venereal Disease Control Program, 
Chicago Board of Health in cooperation with the United States Public Health Service. 
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TABLE I, NUMBER OF PATIENTS TREATED WITH 2.4 MILLION UNITS CRYSTALLINE PENICILLIN 
G IN 90 INJECTIONS DurING 74% DaAys, GRouPED BY RACE, SEX, AND AGE 


AGE 


RACE AND SEX TOTAL UNDER 20 9()-24 | OVER 24 
Total 184 vid 71 9] 
Male 138 13 AT 78 
Female 16 9 24 13 
White 22 re 6 17 
Male 18 : 4 14 
Female i) 2 3 
Other 161 29 65 74 
Male 120 13 43 64 
Female 4] 9 44 10 


One hundred sixty patients had received no previous treatment; twenty- 
four patients had received some type of antisyphilitie treatment prior to their 
present hospital admission, but had subsequently been reinfected or had evi- 
denced relapse or inadequate resolution of the lesions. The previous treat- 
ment had consisted of arsenicals, penicillin, bismuth, and fever therapy, alone 
or in various combinations over short and long periods. 

The results of treatment are summarized in Table If and demonstrated in 
Mig. 1.* The cumulative failure rate at the end of twelve to fifteen months 
was 2.9 per cent among forty-two patients with primary seronegative syphilis, 
19.6 per cent for fifty-eight patients with primary seropositive syphilis, and 
18.6 per cent for seventy-nine patients with untreated secondary syphilis. No 
failures were found among five patients with recurrent secondary syphilis. 
The over-all failure rate was 14.4 per cent. 

TABLE Il, Number or PATIENTS TREATED WITH 2.4 MILLION UNITS CRYSTALLINE PENICILLIN 


Gin 90 INJECTIONS DurING 74% Days, GRouPED BY NUMBER OF DAYS OF OBSERVATION 
AND TREATMENT RESULTS 


| . 2EP OF PATIENT 
NUMBER OF Nl MBER OF PATIENTS 


DAYS FROM BE- | TOTAL OBSERVED | 
GINNING DATE | DURING PERIOD. | SEROLOGIC TITER FOUND DURING PERIOD —_ 
OF THERAPY OR LATER NEGATIVE POSITIVE REINFECTIONS RELAPSES _ 
0- 29 184 43 1-41 = - 
30- 59 174 66 107 - l 
60- 89 169 76 92 l - 
90-119 167 9] 76 : : 
120-149 165 101 63 - ] 
150-179 158 106 50 " 2 
180-209 148 107 39 : 2 
210-239 144 109 oo | l 
240-269 138 109 27 l l 
270-299 130 105 19 2 | 
300-329 121 106 14 a l 
330-359 117 104 13 a 
360-449 113 10 1] ] l 
*The percentages used for the figures on successes and failures were obtained by assul- 


ing that patients lost from observation would have shown the same ratio of results of treat- 
ment as those observed, The ratio of the number of patients observed in each period to the 
number observed in the preceding period was applied to the cumulative failure figure. Patients 
with positive significant titers (4 Kahn units or more) after twelve to fifteen months of ob- 
servation have been grouped with failures. Those who were seronegative or who maintained 
nonsignificant titers (3 Kahn units or less) were, for the present, considered successes. This 
method of evaluation is considered rigid, and, as a consequence, the failure rate tends to be 
relatively higher than in similar studies utilizing less rigorous criteria. 
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Of 142 patients with positive pretreatment serologic titers, 112, or 78.9 
per cent, reversed to negative. [our patients treated for primary syphilis, 
having lapsed from observation, were not known to be negative until the sec- 
ond year. Of the balance of 108 patients, forty-two (58.9 per cent) were nega- 


€ 


tive by the end of the first three months and seventy-seven (71.5 per cent) 
within six months. Five patients showed blood titers of less than 3 Kahn units 
at the end of the year. The median time required to reach seronegativity was 
115 days for the total group of 108 patients, 68.5 days for forty-four patients 
treated for primary syphilis, and 136 days for fifty-nine patients with see- 
ondary syphilis. Twelve patients who had reversed to negative (10.7 per cent 
of the 112) were later retreated: five for reinfections with primary syphilis, 
one for relapsing secondary syphilis, five for serologic relapse, and one for 
neurorecurrence. 


DARKFIELD POSITIVE SYPHILIS PATIENTS 
2,400,000 UNITS AQUEOUS CRYSTALLINE PENICILLIN G 
26,666 units every two hours for 90 injections in seven and one-half days 
Cumulative Percentages of Results 
12 - 15 Months’ Observation 


Diagnosis Success ME Reinfection Relapse (—_) Patients 
treated 

Primary 2 

seronegative 

Primary 

seropositive 58 

Secondary 79 

Secondary 5 

recurrent 

Total 184 





Fig. 1. 


Pretreatment cerebrospinal fluid was examined in 180* patients. The 
findings were normal for 153 patients (85.0 per cent) of the 180 patients ex- 
amined. Post-treatment examinations were made for forty-seven of the 155 
patients. Two patients showed slight abnormality in cell count. For twenty- 
seven patients (15.0 per cent of 180) pretreatment findings were abnormal: 
one in both cell and total protein determinations, three in cell count only, and 
twenty-three in total protein, ranging from 46 to 85 mg. per cent. Sixteen of 
the twenty-seven patients with abnormal pretreatment cerebrospinal fluids 
were later re-examined. Eight patients had reversed to normal including two 
patients retreated for reinfections. One patient continued abnormal in cell 
count only. Seven patients registered total protein above 45 mg. per cent. 

Of the 184 patients treated, twenty were classified as failures. These 
included one patient with relapsing primary syphilis, three with relapsing 
secondary syphilis, ten serologic relapses, and six primary reinfections. 





*One patient refused lumbar puncture; one specimen was lost; one puncture was un- 
Successful; one patient was not examined because of previous laminectomy. 
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There were no serious complications resulting from the treatment admin- 
istered. Fifty-seven patients demonstrated the usual febrile Herxheimer effect 
during the treatment, and five had cutaneous manifestations. 


COMMENT 

It is obvious that from the standpoint of therapeutic efficiency, crystalline 
penicillin G demonstrates little difference whether given as sixty intramuscu- 
lar injections at three-hour intervals over seven and a half days or as ninety 
injections at two-hour intervals over the same period—the total amount, 2.4 
million units, being constant. 

The over-all failure rate for the three-hour method was 16.2 per cent and 
14.4 per cent in the two-hour group. 


DARKFIELD POSITIVE SECONDARY SYPHILIS PATIENTS 
2,400,000 UNITS AQUEOUS CRYSTALLINE PENICILLIN G 
IN SEVEN AND ONE-HALF DAYS 
Cumulative Percentages of Results 
12 - 15 Months’ Observation 





Therapy Success MB ~Reinfection Relapse (__) Patients 
—— treated 


60 injections 
of 40,000 units 79 
90 injections 


of 26,666 units 79 





Fig. 2. 


There were seventy-nine patients in each group with secondary syphilis; 
15.6 per cent of those receiving the penicillin every three hours were con- 
sidered failures, while 17.0 per cent of the patients receiving penicillin every 
two hours failed (Fig. 2). In the latter group, however, 1.6 per cent were con- 
sidered reinfections. 

There would seem to be no justification, then, for shortening the interval 
of injection from three to two hours when using aqueous intramuscular peni- 
cillin G therapy in early syphilis, total dosages being constant. 


SUMMARY 

One hundred eighty-four patients with dark-field positive primary and 
secondary syphilis were given 2.4 million units of aqueous erystalline penicillin G 
over a period of seven and a half days. 

The penicillin was administered at two-hour intervals instead of the usual 
three-hour method of previous studies. 

Comparative data are presented to prove that the two- and the three- 
hour intervals of administration of crystalline penicillin G in early syphilis are, 
for the purposes of therapeutic efficiency, of equal value. 
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LABORATORY METHODS 


A NEW GLASS ATOMIZER FOR FLAME PHOTOMETERS 


JOSEPH BENOTTI, B.S., M.S., AND ARTHUR DEToRE, B.S. 
Boston, Mass. 


T HAS been our experience that a gravity-fed atomizer, as supplied with most 
| flame photometers, the Barclay instrument, for example, seems to have a very- 
ing rate of flow down through the needle due to the change of hydrostatie 
pressure. This necessitates taking readings on the galvanometer only when the 
level of solution in the funnel is at a definite level. It is almost impossible to take 
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Fig. 1.—Glass atomizer. 
From the Clinical Laboratories of thi New England Center Hospital. 
Received for publication, May 29, 1950. 
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Fig. 2.—Glass housing, which conducts the fine spray to the burner. 
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Fig. 3.—Manometer used for measuring negative pressure. 


readings just as the water level passes a certain predetermined level. There are 
many reasons for this, for example, galvanometer unsteadiness and rapid rate ot 
flow through the atomizer, usually 10 to 20 ¢.c. per minute. 

It was with these objections in mind that we developed the new glass atom- 
izer shown in Fig. 1.* The solution feeds up through the capillary tube (@). 
Compressed air at approximately 5 pounds per square inch is blown through 
tube B. The latter tubes are held in exact permanent position by glass rod ¢. 
A very fine spray results, which is blown at glass ball D. This condenses the 


*The glass atomizer was blown by L. A. Voyer Company, 268 Northampton Street. 
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larger droplets and allows only a very fine mist to proceed to the burner 
through the housing shown in Fig. 2. There have been objections to this type 
of up-feed atomizers in that one cannot check the rate of flow. This has been 
overcome by attaching directly to tube a a side arm EF. This leads to a manom- 
eter by means of a short piece of rubber tubing (Fig. 3). A small Y tube is 
interposed between atomizer and manometer to allow venting between samples 
by means of a pinch clamp. The manometer will read the negative pressure in 
tube a, which makes the solution to be atomized rise. This negative pressure 
depends directly on whether the opening in tube a is wide open or partially 
blocked. If entirely closed, no negative pressure may be read at all. However, 
the manometer reading will rise as the liquid in the beaker goes down. This 
change may be controlled by putting 1 mm. graph paper in back of the left 
column of the manometer and 2 mm. graph paper along the side of the beaker 
that is placed under tube a. Number the 1 mm. paper of the manometer from 
the bottom up to the top. The 2 mm. paper alongside of the beaker is numbered 
from the top down to the bottom, using the same numbers as read from the 
manometer. When the atomizer is operating properly and no solution remains 
in side arm E, the reading of the water level in the beaker below the atomizer 
should equal the manometer reading. The solution in the side arm is removed, 
after the beaker has been put in place, by simply venting the pinch clamp slowly 
hetween the manometer and the side arm. The rate of flow through this glass 
atomizer is about 3 ¢.¢c. per minute. 


TABLE I 





FLAME PHOTOMETER GRAVIMETRIC METHOD FLAME PHOTOMETER GRAVIM ETRIC METILOD 




















MEQ. NA/L MEQ. NA/L MEQ. NA/L MEQ. NA/L 
125.5 127 140 139.5 
140 140 36 136.5 

70 73 14] 142 
136 37 140 138 
128 ge 138 136.5 
141 141 137 137.5 
132 131 140 140.5 
130 130 130 129 
144 142.5 142 140.5 
142 142 146 144.5 
148 143.5 137 137 
142 141 174 171 
143 141 156 153 
125 126 152 151 
147 147 132 130 
142 143 142 140 
139 137 140 140.5 
13 139 122 123 
140 140.5 147 147.5 

*Butler, Tuthill, Elizabeth: An Application of the Uranyl Zinc | Acetate 


Method for Determination of Sodium in Biological Material, J. 


Chem. 93: 


171, 1931 


We have checked our sodium results on serum with one gravimetric sodium 
determination according to Butler and Tuthill* daily over the past several weeks 


and have had excellent results, as shown in Table I. 


[ wish to make grateful acknowledgment to Dr. F. Homburger of the Tufts College 


Cancer Research and Cancer Control Unit for the loan of the Barclay flame photometer. 











A TECHNIQUE FOR HEMOLYZING ERYTHROCYTES AND 
ERYTHROCYTIC DEBRIS IN THE BLOODY 
VAGINAL SMEAR 
Marait OLSEN, R.N., AND GEorGE A. BourGEors, M.D., F.A.C.S. 
Boston, Mass. 









HE possibility of hemolyzing erythrocytic debris to facilitate examination 

of bloody vaginal smears was conceived by one of us (G. A. B.) prior to the 
late war. The initial work on this problem was interrupted by the war, but in 
1946 the study was taken over by one of us (M. O.). A satisfactory technique 
was developed by 1947, a report of which follows. 







TECHNIQUE 
The vaginal fluid is obtained with a pipette in the manner described by Papanicolaou.* 
The material is then spread on clean glass slides for immediate fixation. The fixing solution 
consists of three equal parts of ether, 95 per cent alcohol, and 3 per cent acetic acid. The 
last agent is responsible for the hemolysis. This solution should not be made up as a stock 
solution or be more than twenty-four hours old, and the time range for optimal fixation is 








Fig. 1.—High power photomicrograph of a bloody vaginal smear prepared by the standard 
ether-alcohol fixation technique. The malignant cells are partially obscured by leucocytes, 
mucus, erythrocytes, and erythrocytic debris. 


From the Cytology Laboratory, Joseph H. Pratt Diagnostic Hospital, and the Departments 
of Gynecology, Tufts College Medical School, and the Boston Dispensary. 


Received for publication, June 9, 1950. 
*Papanicolaou, G. N., and Traut, H. F.: Diagnosis of Uterine Cancer by the Vaginal 
Smear, New York, 1943, The Commonwealth Fund. 
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Fig. 2.—High power photomicrograph of a companion vaginal smear from the same patient 
but prepared by the hemolyzing technique described in the text. Leucocytes and some mucus 
persist but considerable clearing of the smear has been accomplished by hemolysis of erythro- 
cytes and erythrocytic debris. 
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Fig. 3.—Medium power photomicrograph of the biopsy specimen from the same patient showing 
invasive epidermoid carcinoma of the cervix. 
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between twenty minutes and one and one-half hours. Subsequently the preparation is stained 
by any of the acceptable techniques. Papanicolaou’s E.A.50 stain has been used in this 
study. In conjunction with this technique control preparations are always made using the 
standard ether-alcohol fixation technique. 

RESULTS 

Thus far the method has been of more value in the presence of pathologic 
than of physiologic bleeding. It has been used in fifty-eight patients with 
bloody vaginal smears; of these patients fourteen exhibited cytology consistent 
with the diagnosis of uterine carcinoma. The diagnosis was confirmed by biopsy 
in each instance. The following ease is illustrative. 

Mrs. M., aged 64, had experienced the menopause fifteen years previously. She had had 
one normal spontaneous delivery. For four years prior to examination the patient had 
noted intermittent vaginal spotting and bleeding. Cytologic examination on May 6, 1948, 
showed differentiated epidermoid carcinoma of the cervix (Class V). The accompanying 
photomicrographs demonstrate the comparative results of preparations made by the usual 
method (Fig. 1) and by the hemolyzing technique described (Fig, 2). Fig. 3 is a photo- 


micrograph of the cervical biopsy specimen. 


DISCUSSION 


Experience with this technique has led us to believe that it has value in the 
study of bloody vaginal smear preparations, especially in the presence of 
pathologie bleeding. The method, which may be improved, should be used only 
as an adjunct to the standard method of preparing vaginal smears for cvtologic 


examination. 
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A SIMPLE, CONTINUOUS, LIQUID-LIQUID EXTRACTION APPARATUS 
SUITABLE FOR THE REMOVAL OF STEROIDS FROM 
URINE AT LOW TEMPERATURES 


Sau. L. Conen, Px.D. 
MINNEAPOLIS, MINN. 


HE coneentration of the steroids in urine for assay or isolation purposes 

involves preliminary removal of the steroids from urine by extraction with 
organic solvents. The tediousness of effecting such extractions with separatory 
funnels and the frequent necessity of breaking emulsions by centrifugation 
in some cases have been obviated by the use of continuous liquid-liquid ex- 
tractors such as the Wolfe-Hershberg apparatus. The use of this type of ap- 
paratus is limited by the fact that certain steroids are not stable under the 
conditions of acidity and high boiling points of the solvents used. Thus, for 
example, extraction of the urinary corticoids with chloroform in the types of 
continuous extractors available is not possible because of the lability of the 
corticoids at the boiling temperature of chloroform. The removal of con- 
jugated steroids by extraction from acidified urine by butanol is likewise not 
possible in this type of apparatus because of the hydrolysis of a considerable 
portion of the conjugants. An apparatus suitable for the extraction of urines 
with organic solvents at low temperatures has been used successfully in our 
laboratory for some time. The usefulness of such an apparatus in similar and 
related studies in other laboratories is obvious. 


METHODS AND APPARATUS 


The continuous liquid-liquid extractor which we use is illustrated in Fig. 1, and operates 
as follows. The heavier liquid, L,, (e.g., CHCL, in a CHCL,-urine partition; urine in a 
butanol-urine partition) is placed in the extraction column 1.C, (a graduated cylinder has 
been found very suitable as the extraction column). The lighter liquid (L,) is then poured 
onto the surface of L, and by means of a gentle continuous vacuum applied to the tube V 
is drawn up from the meniscus m through tube b into the vacuum chamber V.C. When suf- 
ficient liquid, L., has been drawn into the vacuum chamber so as to break the contact between 
meniscus m and tube b, the vacuum is broken and the liquid L, descends through tube a, 
passes through its capillary outlet, and bubbles through the liquid L, in the extraction cham- 
ber, The accumulation of the lighter liquid (/,) on the surface of the heavier liquid causes 
the closure of tube b by the rising meniscus m; a vacuum is recreated in the vacuum chamber 
and the cycle is repeated, It is possible to simultaneously run several extractors from a single 
aspirator, 

For larger volumes of fluid an inverted aeration bottle may be used as the vacuum cham- 
ber, The rubber stopper S, may be eliminated by having the vacuum chamber closed down to 
glass tubing proportions to which the vacuum line may be directly attached. The stopper S, 


_ From the Department of Physiological Chemistry and the Max H. Hoffman Endocrino- 
logical Research Laboratory, University of Minnesota. 
This work was aided by a grant from the U. S. Public Health Service, Division of 
Research Grants and Fellowships. 
Received for publication, June 12, 1950. 
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may be eliminated by the substitution of a standard glass joint. The substitution of a sintered 
glass tube for the capillary outlet of the fluid in the vacuum chamber has the disadvantage that 
the tube often becomes clogged by insoluble material in the urine. 
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Fig. 1.—Apparatus for continuous liquid-liquid extractions at low temperature. 


A very rapid flow of the fluid through that in the extracting chamber frequently results 
in the formation of emulsions. These may be considerably reduced or eliminated by decreasing 
the vacuum in the vacuum chamber and thus reducing the rate of flow of the circulating fluid. 
It should be emphasized that the efficiency of solvent removal of the steroids from urine de- 
pends, as might be expected, on the total number of times that the total volume of lighter 
liquid circulates through the heavier one (i.e. the ‘‘circulation number’’), We have found 
that using a volume of organic solvent equal to one-half that of the urine results in the trans- 
fer of at least 90 per cent of the steroids in the urine to the organic phase when the circula- 
tion number is about 25. The importance of the circulation number in determining the ef- 
ficiency of the extraction procedure is illustrated in Table I, The data presented in Table I 


TABLE I. THE RELATIONSHIP BETWEEN THE NUMBER OF CIRCULATIONS OF URINE THROUGH 
CCl, IN THE CONTINUOUS EXTRACTOR AND THE EFFICIENCY OF 17-KETOSTEROID EXTRACTION 








MG, 17-KETOSTEROIDS/1]. URINE 





CIRCULATION NUMBER TOTAL TIME OF EXTRACTION REMOVED BY THE CCI, 
3- 4 1 hr, 2.1 
9-12 3 hr. 7.1 
15-20 5 hr. 9.4 
25-30 1 hr. 13.9 


Extracted in separatory funnel 15.0 
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indicate the amount of 17-ketosteroids which were removed from an HCl-hydrolyzed sample 
of male urine (batch MU,) by circulating the urine through one-half its volume of carbon 
tetrachloride, 


RESULTS 


Table II shows examples of the extraction from urine (circulation num- 
ber — 25-50) of (1) urinary corticoids by CHCl, (assayed by the method of 
Daughaday and co-workers'), (2) conjugated ketosteroids by butanol (assayed 
by the Zimmerman reaction as modified by Holtorff and Koch’), (3) conjugated 
estriol by butanol (assayed by the method of Stevenson and Marrian*) and (4) 
free ketosteroids (previously released from their conjugated forms: by HCl- 
hydrolysis) by CCl,. The extraction of conjugated estrogens was carried out on 
samples of 8 to 814 month pregnancy urine; the remaining extractions were 
carried out on samples of male urine. Control assays using separatory funnel 
extractions are also reported. Differences between the efficiency of extraction 
with the separatory funnel and with the continuous extractor all fall within the 
limits of error of the assay procedures. 


TABLE II, THE EXTRACTION OF STEROIDS FROM URINE WITH THE CONTINUOUS EXTRACTOR AT 
RooM TEMPERATURE 








STEROIDAL CONTENT 
(MG./1. URINE) 








EXTRACTED IN EXTRACTED IN 
STEROID EXTRACTED URINE SAMPLE | CONTINUOUS EXTRACTOR | SEPARATORY FUNNEL 
(1) Corticoids MU, 0.7 0.7 
Corticoids MU, 12 1.0 
(2) Conjugated ketosteroids MU, 13.6 14.0 
(3) Conjugated estrogens LPU, 7.9 8.5 
Conjugated estrogens 1G Of 10.4 10.2 
(4) Free ketosteroids MU, 9.6 10.4 
Free ketosteroids MU, 13.9 15.0 





DISCUSSION AND SUMMARY 


A simple, liquid-liquid, continuous extractor which can operate at low 
temperatures is described. This extractor involves the continuous recircula- 
tion of the lighter liquid through the heavier one, a mild vacuum serving as 
the source of driving power. Since the extracting solvent used in this appa- 
ratus gradually becomes more concentrated with respect to the substance or 
substances being extracted, the apparatus is suitable only for those substances 
with partition coefficients sufficiently favorable for the extracting solvent. 
Substances with less favorable partition coefficients might require several 
changes in the extracting solvent during the course of the separation. Under 
these circumstances the only value in the use of the continuous extractor over 
separatory funnel extractions would be in the reduced formation and required 
handling of emulsions, which may, in some cases at least, more than compen- 
sate for the increased time required for the extraction. It has been demon- 
Strated that the partition coefficients of urinary steroids are adequate to per- 
mit their ready removal from urine by suitable organic solvents. 
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A SIMPLE GUARD FOR THE VIM-SILVERMAN NEEDLE 


Vicror M. Ssorov, M.D. 
PHOENIXVILLE, Pa. 


EEDLE biopsy of the liver has proved to be a simple and valuable pro- 

cedure for diagnosis and prognosis in liver disease. .A growing literature 
covering the experiences of an increasing number of clinics and groups reflects 
the popularity of this measure.’)* * * Although many instruments have been 
devised for the purpose of liver biopsy, the Vim-Silverman needle, in this country 
at least, appears to enjoy the widest usage.’ *»* Regardless of the type of instru- 
ment used, there is unanimity of opinion that the greater the experience of an 
individual operator, the greater the number of adequate specimens obtained per 
biopsy attempt. This is an important consideration, since biopsy of the liver 
entails a definite risk and each time the needle is inserted the risk becomes pro- 
portionally greater. Any measure which would tend to increase the percentage 
of adequate biopsy specimens, therefore, merits consideration. 

Perhaps the greatest difficulty encountered by the beginner in biopsy of the 
liver is a fear of penetrating too deeply into the liver parenchyma. As has been 
pointed out elsewhere, this often results in unwitting withdrawal of the inner 
cutting needle as the outer cannula is advanced over it.’° For maximum 
efficiency in biopsy of the liver, a sure, deliberate technique is required; hesitancy 
or uncertainty at any point often results in a poor specimen. These difficulties 
tend to be overcome with experience. Even in experienced hands, however, a 
measure of security is desirable to be certain one does not thrust the outer 
cannula too deep. This is particularly true where speed is required as in the 
transthoracic approach to the liver; here the biopsy is performed while the 
patient’s breath is held in expiration. Speed is needed to complete the biopsy 
and withdraw the needle before the patient again inspires, since a tear in the 
liver capsule may otherwise result. 

Two mechanical aids have been described to overcome the error of over- 
penetration and at the same time assure an adequate specimen.’ °> Both require 
special modifications of the biopsy needle. At the Army Hepatic and Metabolic 
Center a simple guard has been devised which easily can be attached to and re- 
moved from any Vim-Silverman needle. It can be made from inexpensive 
material with the use of simple tools. The use of this guard has helped to over- 
come the difficulties encountered in obtaining adequate biopsy specimens. 


DETAILS OF STRUCTURE 


The guard is easily fabricated from hard temper, No. 18 chromium-nickel 
alloy, stainless wire, .041 in. in diameter.* Figs. 1 and 2 show details of shape 
and application of this wire guard. 

From the Army Hepatic and Metabolic Center, Valley Forge General Hospital. 

Received for publication, June 12, 1950. 

*Trade name, Wilstabrite. Obtainable from the Malin and Company, Cleveland, Ohio. 
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DISCUSSION 
At the Army Hepatic and Metabolic Center, 230 liver biopsies have been 
performed with the use of the Vim-Silverman needle. The guard described has 
been used in 200 instances. The biopsies have been carried out by four different 
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Fig. 1.—This photograph illustrates the details of the wire guard for the Vim-Silverman needle. 





_ Fig. 2.—Wire guard in position on a standard Vim-Silverman needle. This is the re- 
lationship of the guard to the Vim-Silverman needle at the time the needle is inserted into the 
liver. It is also the final position after the core of tissue has been obtained and the needle is 
ready to be withdrawn. 
individuals. The over-all number of successful biopsies here, as elsewhere, has 
increased with experience. Because of the growing proficiency of each of the 
operators, it would be impossible to measure objectively the added degree of suc- 
cess contributed by the use of the guard. It is the general opinion, however, 
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that the number of adequate specimens per biopsy is increased with this guard. 
Once the tissue core has been cut by the inner split needle, the guard obviates 
the danger of over-penetration of the outer needle beyond the point necessary 
to completely engage the inner. It gives assurance, further, that the outer 
cannula will be passed over the obturator completely. The guard also con- 
tributes to the stability of the needle, insuring that the inner split member will 
not slip out of place when the needle is first inserted into the liver. The over-all 
speed of the operation is thereby increased. 


SUMMARY 


One of the major difficulties in obtaining a successful biopsy of the liver 
with the Vim-Silverman needle is the fear of over-penetration into the liver sub- 
stance. A simple and inexpensive guard is described which can be attached to 
the biopsy needle. This interrupts the passage of the outer needle at the desired 
point after the tissue has been cut. 
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A GENERAL METHOD FOR PREPARING HISTOLOGIC SECTIONS 
WITH A WATER-SOLUBLE WAX 
Harvey Buank, M.D., AaNnp Puiuie L. McCartuy, M.D. 
PHILADELPHIA, PA, 





leona synthetic waxes make it possible to embed tissues for histologic 
section without the use of time-consuming, deleterious dehydrating chemi- 
‘als. Water-soluble agents such as soap, gelatin, and gums have been used in 
the past but were found impractical. The water-soluble waxlike polyethylene 
glycols (Carbowaxes)* were first used to embed tissues for electron microscopic 
examination by Richards, Anderson, and Hance.'| This work was extended by 
Carsten? to prepare stained histologic sections of eves. The use of polyethylene 
glycols in preparing sections of a wide variety of animal tissues was demon- 
strated by Blank.* The less soluble esters of similar compounds also have been 
investigated. Following the work of Orton and Post* and Cutler,’ Steedman, in 
a monumental survey, indicated the usefulness of a large number of these 
waxes,” 7 * 

In our laboratory a procedure has been devised for embedding tissues in the 
water-soluble polyethylene glycols and is suitable as a routine for most tissues 
such as skin, liver, kidney, spleen, lung, testis, muscle, spinal cord, pancreas, 
adrenal, gastrointestinal tract, and so on. Delicate specimens such as skin with 
vesicles, eyes, and embryonic membranes also have been prepared successfully 
but require more dexterity. 

MATERIALS 
Kmbedding mixture: 
Carbowax 4000, 9 parts 
Carbowax 1500, 1 part 
These two substances are melted together at 55° ©, 
-araftin oven or a thermostatically controlled paraftin bath of the Autotechnicon type. 


Solution for floating and affixing sections to slides (optional) :9 


Potassium dichromate 0.2 Gm. 
Gelatin 0.2 Gm. 
Distilled water 1,000.0) e.e, 


This mixture is boiled in daylight for five minutes, cooled, and filtered, and is ready 
for use. 
Routine stains, dehydrating agents, and balsam. 


METHOD 


Tissues fixed and washed in the routine manner are cut into desired sizes. As with 
other methods, the.thinner the specimen the more rapid the impregnation with wax. The 
tissue is immersed in the molten embedding medium and agitated occasionally, The mini- 
mum time for impregnation is thirty minutes for a 1 mm. section, eighty minutes for a 


From the Department of Dermatology, University of Pennsylvania Hospital. 

Aided by a grant from the American Cancer Society, recommended by the Committee 
on Growth of the National Research Council. 
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*Carbowaxes are inexpensive, nontoxic, stable polyethylene glycols marketed according 
to their approximate molecular weight by Carbide and Carbon Chemical Corp., 30 I. 42nd 
Street, New York 17, N. Y. 
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2 mim. section, and proportionately longer times for thicker sections, Some tissues have 
been immersed in molten Carbowax for periods up to four days with little perceptible 
distortion. It is recommended that the routine time be three hours. After impregnation 
the specimen is transferred to a mold and fresh molten wax added to form the block. The 
mold is transferred to a cool dry place, such as a refrigerator, and allowed to harden for 
five to ten minutes. Contact with ice and water must be avoided because of the solubility 
of the wax. The hardened block is attached to a microtome specimen holder and is ready 
for sectioning. The block may be cut at 2 to 10 micra with the formation of satisfactory 
ribbons (Fig. 1). The knife and block should not be moistened or chilled because best 
results are obtained at room temperature. 





Fig. 1.—Ribbon, 4 micra thick, cut from Carbowax block. 


The sections can be hydrated and affixed to the slide in two ways. In either method, 
however, it is suggested that the gelatin-dichromate solution be used instead of water to 
float the sections. This has been found superior to albumin for keeping the sections firmly 
in place on the slide during subsequent staining procedures. One method of hydration is to 
place the ribbon on the solution at room temperature. When this is done the embedding 
wax dissolves and disappears instantly leaving hydrated sections floating on the surface. 
The tissue then may be picked up by dipping a slide into the solution. The slide is al 
lowed to dry thoroughly and then may be stained and dehydrated to balsam in the usual 
manner. 

In the second method of hydrating sections the ribbon is deftly placed directly on a 
slide wet, but not dripping, with the ‘‘floating solution.’’ Here, too, the wax dissolves, 
leaving the section on the slide, which is then dried in the horizontal position and is ready 
for staining. If an excessive amount of wax is present, the slide, after drying, should be 
redipped in the ‘‘floating solution’? to remove the Carbowax and allowed to dry again 
before staining. 

If this method is used for embedding tissues containing large amounts of gross fat 
or large sebaceous glands, the Carbowax will not impregnate the fat cells unless the tissue 
is first placed in a fat solvent such as acetone prior to embedding. 
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RESULTS 

Using the method described more than 500 specimens have been processed. 
Much of the work has been done with biopsies of skin but many other types of 
human and animal tissue have been prepared. Sections have been prepared 
from the following tissues: skin, muscle, heart, lung, trachea, aorta, liver, 
esophagus, stomach, small intestine, large intestine, pancreas, spleen, lymph 
nodes, uterus, ovary, testis, spinal cord, brain, thyroid, and endometrial cur- 
rettings. Tissue ranging in size from minute currettings and molluseum con- 
tagiosum bodies to 3 em. by 1.5 em. sections of liver have been cut without dif- 
ficulty. 


ig 
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Fig. 2.—Section of human muscle cut from tlasue embedded in Carbowax. (Hematoxylin 
and eosin, 400.) 

Most of the sections were stained with hematoxylin and eosin. Other stains 
such as Feulgen, pyronine-methyl green, Sudan IV, Sudan black B, and so on, 
have been used successfully. A more complete study of staining methods for fats 
and steroids is in preparation. Material fixed in Formalin, Bouin’s solution, 
Zenker’s fluid, and alcohol have been used without difficulty. 

The illustrative photomicrographs all were prepared from sections cut from 
tissues embedded in Carbowax. All were fixed in Formalin and stained with 
hematoxylin and eosin. Fig. 2 of infant human skeletal muscle demonstrates 
fine detail of striations. Fig. 3 shows the clarity of nuclear detail in a section 
of rabbit testis. Adult human kidney which retains glomerular and tubular 
structure is illustrated in Fig. 4. In Fig. 5 the edge of a vesicle in human skin 
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Fig. 3.—Section of rabbit testis embedded in Carbowax. (Hematoxylin and eosin, 250.) 
Fig. 4.—Section of human kidney embedded in Carbowax. (Hematoxylin and eosin, x80.) 
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: Fig. 5.—Section of edge of vesicle of herpes simplex in human skin, with intranuclear 
inclusion bodies. (Hematoxylin and eosin, 450.) 

Fig. 6.—Section through a plaque of a vaccinia-infected chick chorioallantoic membrane, 
(Hematoxylin and eosin, X75.) 
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infected with herpes simplex shows the classical intranuclear Lipsehiitz in- 
clusion bodies in the epithelial cells. Fig. 6 is a cross section of 10-day-old 
chick chorioallantoic membrane infected with vaccinia. The large vessels are 
filled with nucleated erythrocytes and the dense infiltrate at the surface is a 
virus-induced plaque. There is little distortion of this delicate structure. 

Blocks of tissues embedded in Carbowax and stored for one year have been 
cut without difficulty and show no cytologic distortion. 


CONCLUSIONS 


A simple, rapid method for embedding tissues in a water-soluble wax for 
histologic study is described. 

It may be used for most human and animal tissues and may be employed 
with special stains. 

Excellent cytologic detail is preserved. 
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AN IMPROVED METHOD FOR THE EXTRACTION OF 
HEPARIN FROM BLOOD 


EF. C. Monkuouss, B.A.,* anv L. B. Jaques, Pu.D.+ 
TORONTO, CANADA 


N 1949 Jaques, Monkhouse, and Stewart’ reported a method which could 

extract from blood plasma up to 100 per cent of added heparin. This 
method was capable of giving accurate and reproducible results on small 
samples of blood. Further, on applying it to normal human blood (without 
any addition of heparin by injection) active extracts were obtained, which 
suggested that normal blood contained heparin equivalent to 0.009 mg. of beef 
heparin per 100 milliliters. In further experiments, attempts have been made 
to purify this material and also to estimate it routinely. Difficulties were 
encountered in this, however, because of the presence of protein. The pro- 
tein precipitated by the octylamine used was easily handled in small samples 
of blood with relatively high concentrations of heparin, but in normal plasma 
where the concentration of heparin is so low, separation of this protein of- 
fered difficulties. In 1948, Homan and Lens? described a procedure for 
separating heparin from protein by means of phenol. This was found to be 
useful in separating the octylamine-heparin-protein precipitate but even more 
effective when applied directly to plasma. The present method is based on 
the principle that when phenol is added to plasma in proper concentration, 
the proteins are first precipitated and then dissolved, leaving the heparin in 
the clear protein-free upper layer. 


METHODS 
Methods of Extraction.— 
Reagents: 


Sodium citrate 3.8 per cent. 

Ether. 

Phenol solution: the phenol is liquefied in a water bath and 800 ml. are diluted to 1 
liter with distilled water. 


Procedure: 

Nine milliliters of blood are drawn and added to 1 ml. of sodium citrate solution and 
centrifuged at 2,000 r.p.m. for ten minutes. The plasma is pipetted off and the cells are 
washed with 1 ml. of saline. This wash is added to the plasma. Phenol solution, 5.5 ml., is 
added, the tube is corked, and the phenol and plasma are thoroughly mixed by vigorous shak- 
ing. The tube is allowed to stand at room temperature for ten to twelve hours, after which 
it is centrifuged at 2,500 r.p.m. for twenty minutes. The clear upper layer is pipetted off 
carefully and the phenol layer washed with a small amount of saline. The combined aqueous 
phase is washed with 5 ml. of ether. The ether layer is pipetted off and the ether remaining 
in solution is removed by vacuum or by heating in a water bath for a minute or two at 65° C. 


Supported by grants from the Cancer Institute of Canada to the University of Sas- 
katchewan. 
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For routine or clinical work the method can be shortened by omitting the two washings. 
It has been found that even with this latter change highly reproducible recoveries (80 per 
cent) can be obtained by this procedure. For smaller or larger volumes of blood, quantities 
of saline, phenol, etc., are taken in the given proportion. 

Method of Assay.— 

It is expected that any reliable method of assay for heparin can be used with this ex- 
traction procedure. For those methods which employ the principle of recalcification, it is 
necessary to remember that the major portion of the citrate added to the blood from which 
the heparin was extracted is still present. The methods used in the present study were the 
metachromatic method of Jaques, Ricker, and Mitford? using the dye azure A, as modified 
by Jaques, Monkhouse, and Stewart, and the antithrombin method of Jaques and Charles.4 
In all assays, the activity of the sample was compared with a sample of Connaught heparin, 
standardized against a sample of international sodium heparin of 130 international units per 
milligram. Values are expressed in terms of milligrams of free acid heparin. To convert 
to international units, multiply by 148. One milligram of commercial heparin (Connaught 
Laboratories) is equivalent approximately to 0.8 mg. of free acid heparin or 117 inter- 
national units. 

The metachromatic method of assay for heparin was described in detail in a previous 
paper.1 It has a usable range of concentrations of between 0.01 and 0.05 mg. of heparin in 
a total volume of 2.0 milliliters. Higher concentrations must be diluted to within this range. 
As the buffer is not used as a solvent for heparin separated by the phenol method, it is not 
necessary to substitute the phosphate buffer recommended by Jaques, Monkhouse, and Stewart 
for the borate buffer recommended in the original method by Jaques, Mitford, and Ricker. 
The latter is preferable. 

The antithrombin method of assay for heparin was originally described by Jaques and 
Charles. It can be used to assay concentrations of heparin as low as 0.36 ug (0.05 unit) 
per milliliter, once the experimenter has achieved reasonable skill in reading degrees of clot. 

As pointed out by the original authors, the method can be adapted to various degrees 
of accuracy by varying the range between successive tubes. In most of the work reported here 
the first assay was done using only two tubes for each unknown containing 0.20 and 0.30 ml. 
of the heparin solutions. When a dilution had been found such that the tube containing the 
0.20 ml. of solution was clotted and that containing the 0.30 ml. of solution was still fluid, the 
final assay of five tubes was set up, containing 0.20, 0.22, 0.25, 0.27, and 0.30 ml. respectively. 
For most accurate results it is essential for the unknown to clot in the same tube range as 
the standard. Serious error may arise if one attempts to calculate potency when the equiva- 
lent degree of clot for unknown and standard is separated by more than 0.05 ml. of heparin 
solution. Thus in some instances it may be necessary to repeat the final assay after appropri- 
ate dilution. 

The blood used in most of the assays reported here was citrated dog’s blood instead 
of beef blood, but either may be used, depending on ease of supply. The blood gradually 
loses its sensitivity to heparin on storage and thus its sharpness of end point. It mut be 
stored in a cold room and for best results should not be more than a week or 10 days old. 
Most accurate results will be achieved with fresh blood. A concentrated solution of thrombin 
was made up fresh every three or four days by dissolving 5 mg. of Parke, Davis bovine topical 
thrombin in 1 ml. of saline, and this was diluted as necessary. The diluted solution, pre- 
pared fresh each day, was kept at 0° C. during use. The dilute thrombin solution should 
be of a strength that 0.1 ml. of it would just cause clotting after fifteen minutes in the tube 
containing 0.25 ml. of standard heparin. The blood from different animals varies in sensi- 
tivity to heparin. Hence each lot of blood used for assay must be standardized ag regards the 
strength of thrombin necessary. We have found that for most blood, the stock solution of 
thrombin must be diluted between twenty and fifty times. Consequently the thrombin solu- 
tion can be rather quickly standardized by setting up four sets of two tubes, each set con- 
taining 0.20 and 0.30 ml. of standard heparin solution. Four dilutions of the stock thrombin 
solution are made, i.e., 1:20, 1:30, 1:40, and 1:50. It usually will be found that in one of the 
sets the tube containing 0.20 ml. of heparin will be clotted and that containing 0.30 ml. will 
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still be fluid. A full set of five tubes is then set up using this strength of thrombin and any 
slight change in dilution necessary can be calculated so that the tube containing 0.25 ml. of 
standard heparin is just clotted at the end of fifteen minutes. Much more consistent results 
will be achieved if both the blood and thrombin used in the assay are kept in an iced water 
bath. After a few hours at room temperature the thrombin begins to lose its potency and 
the blood tends to lose its sensitivity to heparin, and thus a sharp end point is no longer ob- 
tainable. 


RESULTS 
In Table I is shown the recovery of commercial heparin added to bovine and 
eanine blood. Heparin solution, 0.5 ml., was added to 9.5 volumes of blood to 
give a final concentration of heparin between 0.0072 and 0.180 mg. per cent. 
The recoveries from canine blood appear to be slightly better than those from 
beef blood on the average. The method has been used on blood from a variety 
of animals including the rat, rabbit, dog, cow, and human being. In all in- 
stances the recovery from blood is consistently over 85 per cent, with almost 
100 per cent recovery from plasma. 


TABLE I. RECOVERY OF HEPARIN AFTER ADDITION TO BLOOD 











HEPARIN RECOVERED 


























HEPARIN ADDED BOVINE BLOOD CANINE BLOOD 

FREE ACID |___ Bees B A B ae: 
(MG. ) MG. Ye MG, | &% MG, % MG. % 
0.0000 0.0000 a 0.0000 ng ().0000 = 0.0000 ot 
0.0072 0.0068 94 0.0072 100 0.0065 90 0.0071 98 
0.0216 0.0133 61 0.0168 73 0.0186 86 0.0185 86 
0.0360 0.0300 83 0.0336 93 0.0311 86 0.0373 103 
0.0720 0.0547 76 0.0626 87 0.0648 90 0.0742 103 
0.1800 0.1577 87 0.0778 97 eee a oe ae 

Average — 80 — 91 pecs 88 iistass 97 
A, 0.5 ml. of heparin solution added to 9.5 ml. of citrated blood. 


B, 0.5 ml. of heparin solution added to the plasma from 9.5 ml. of citrated blood. 
Heparin estimated by antithrombin assay. 


In Table II are shown the recoveries obtained when the method is short- 
ened by omitting the washing of the red cell and pheno] layers, thus eliminat- 
ing two centrifugings. As can be seen from Table II the average recovery 
is very close to 80 per cent. Thus for all work done on human blood or on a 
relative basis we have used this shortened method and added a correction 
factor of 20 per cent to give us the true blood level. Even after repeated 
washings approximately 5 to 10 per cent of the added heparin stil] remains 


TABLE IT. RECOVERY OF HEPARIN AFTER ADDITION TO HUMAN BLOOD 


























HEPARIN ADDED HEPARIN RECOVERED 
FREE ACID A B | Cc AVERAGE 
( MG.) MG. | % | MG. % | MG. I MG. I 
0.0011 0.0009 83 0.0010 93 ese =e 0.009 88 
0.0023 0.0016 74 0.0017 80 0.0016 74 0.0016 76 
0.0054 0.0046 85 0.0043 80 0.0043 80 0.0044 82 
Blood was drawn from the median cubital vein into 0.1 volume of citrate solution. 
Three milliliter samples were added immediately to varying amounts of heparin contained in 


0.2 ml. of solution. The tubes were incubated at 37° C. for fifteen minutes. A, B, and C rep- 
resent different samples of blood. ° 


Heparin estimated by antithrombin assay. 
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clinging to the red cells. This will tend to vary with the hematocrit reading, 
so for relatively large changes in red cell volume the foregoing calculation 
would not be valid. The remainder of the 20 per cent loss, however, repre- 
sents that amount of heparin in the liquid remaining with the red cell layer and 
that dissolved in the phenol and will be constant under the conditions of the 
experiment. 

In Table III are shown recoveries of heparin from rabbit’s blood after 
intravenous injection. It serves to compare recoveries based on the meta- 
chromatic and antithrombin assays. With the higher concentrations of 
heparin the two assays closely parallel, but the antithrombin assay is capable 
of following heparin concentrations to a much lower level. Indeed, in neither 
of these animals was the lower limit of the antithrombin assay reached. Three 
milliliters of blood were taken for each pair of determinations. 


TABLE IIT. Heparin RECOVERIES FROM RABBIT BLOOD AFTER INTRAVENOUS INJECTION; A CoM- 
PARISON OF RECOVERIES BASED ON THE METACHROMATIC AND ANTITHROMBIN ASSAYS 





TIME AFTER A B 











INJECTION METACHROMATIC ANTITHROMBIN METACHROMATIC ANTITHROMBIN 

(MIN. ) ASSAY ASSAY ASSAY ASSAY 

2.5 5.00 5.10 = “a= 

Fes siete ane 4.75 4.75 

7.0 Bee ke 3.90 3.90 

8.0 3.50 3.90 see ices 

10.0 pan Ses 2.88 3.45 

15.0 2.38 2.69 2.66 2.80 

30.0 1.94 2.38 2.02 2.02 

50.0 1.36 1.80 1.44 1.80 

70.0 1.08 1.21 1.15 1.44 

90.0 0.80 1.08 es 1.15 
110.0 0.51 0.65 een 1.01 
140.0 are 0.41 ee 0.72 
150.0 oeee 0.32 Peas es 
180.0 —* — ec) 0.51 

A, Results from a rabbit of 2.6 kilograms which received 14.4 mg. (2,000 commercial 


units) of heparin intravenously; B, rabbit which received the same dose but weighed 2.3 kilo- 
grams. The animals were kept under Nembutal anesthesia for the duration of the experiment. 
Blood samples were obtained by means of a fine polyvinyl tube inserted in the carotid artery. 
Two milliliters of blood were discarded before each sample used for assay. 


Fig. 1 shows the relationship between time and heparin concentration in 
the dog after intravenous injection of varying amounts of commercial heparin. 
The graph indicates that there is an initial large loss of heparin from the 
blood during the first fifteen minutes which is followed by a more gradual 
decrease over a period of time depending on the magnitude of the dose. With 
dose levels ranging from 0.36 to 1.44 mg. per kilogram, there is a direct rela- 
tionship between magnitude of dose and duration of effect. This is in con- 
firmation of earlier work of Jaques.° However, with higher doses this rela- 
tionship between dose and duration does not hold. This is probably due to 
the fact that with these larger doses an increasing portion of the initial loss 
is due to excretion by the kidneys. Piper® has shown that in rabbits receiv- 
ing very high doses of heparin (100 mg. per kilogram) as much as 18 per cent 
of the heparin appears in the urine during the first fifteen minutes. We have 
observed that in the dog, also, the amount of heparin appearing in the urine 
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is increased with increase in dose. For single or intermittent injections of 
heparin there would appear to be an optimum dose range within reasonably 
wide limits. Above this amount too much heparin is lost by way of the kid- 
neys; below this range the duration of effect is very brief and adequate eleva- 
tion of the clotting time cannot be maintained. It is obvious from the graph 
that even within this range there is a great deal of variation in the heparin 
level. Work done in collaboration with Rappaport’ has shown that in dogs a 
clotting time of 15 minutes to 30 minutes can be maintained with heparin 
concentrations between 0.07 and 0.15 mg. per 100 ml. of blood. Levels of this 
order can only be adequately maintained by a constant intravenous technique. 
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Fig. 1.—Blood heparin levels after intravenous injection of heparin. Dog weighing 9.5 kilograms. 
A, 3.6 mg. (500 units) of commercial heparin per kilogram; B, 1.44; C, 0.72; D, 0.36. 


Fig. 2 shows the relationship between clotting time and heparin con- 
centration when concentrated heparin solution (72 mg. per milliliter) is in- 
jected intramuscularly. It serves to illustrate the usefulness of the method 
for following blood heparin concentrations at therapeutic levels. Graph A 
was obtained from a patient, weight 137 pounds, after he had received 180 mg. 
of heparin intramuscularly. Graph B was obtained from a patient of the same 
weight (136 pounds) who received 108 mg. by the same route. Three milliliter 
samples of blood were taken for heparin determinations and the heparin con- 
tent was assayed by its antithrombin activity. (We are indebted to Dr. R. L. 
MacMillan for administering the heparin, collecting the blood samples, and 
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conducting the clotting time estimations.) It can be seen that for clotting times 
within the therapeutic range, a heparin level between 0.1 and 0.2 mg. per 
100 ml. of blood is required. This agrees well with the figures obtained for 
the dog. Increasing the size of the intramuscular dose above 100 mg. (approx- 
imately 150 mg. commercial heparin) does not significantly alter the duration 
of effect. 
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Fig. 2.—Blood heparin levels after intramuscular injection of heparin. A, Patient R. L., weight 
137 pounds, 180 mg. (2.5 ml.) B, Patient M. Z., weight 136 pounds, 108 mg. (1.5 ml.). 


o—————-0, Clotting times. @------ ®, Blood heparin levels. 


The method described is a convenient and accurate method for the estima- 
tion of administered heparin. It has a wide range of application since it will 
measure heparin concentrations in the blood at therapeutic levels. The lower 
limit for the method appears to be determined by the limits of methods for 
estimating heparin. There appears to be no upper limit as regards obtaining 
successful recovery. The method has been used successfully for the recovery 
of heparin from dogs in anaphylactic and peptone shock (Table IV). We are 
indebted to Dr. Garrott Allen of the Department of Surgery, University of 
Chicago, for the opportunity also to test the method on plasma from an irradi- 
ated dog. We failed to detect heparin although the animal had a raised clot- 
ting time with indications of a circulating anticoagulant. Normal human, 
cow, and rabbit blood was also extracted with negative results. In the case 
of beef blood, 8.8 liters were treated with phenol. Afer removal of ether, the 
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TABLE IV. ISOLATION OF NATURAL HEPARIN FROM BLOOD 





HEPARIN ACTIVITY* ON ISOLATION 





BY THIS METHOD 








CONDITION OF BLOOD VOL. OF BLOOD METACHROMATIC | ANTITHROMBIN _ 
SPECIES TAKEN (LITERS ) (UNITS) (UNITS) 
Dog Anaphylactic shock 0.30 576.0 620.0 
Peptone shock 0.95 300.0 240.0 
Irradiation sickness 0.28 8.5 1.40 
(plasma) 
Dog Normal 0.24 10.0 1.00 
Human being Normal 1.50 22.5 1.00 
Cow Normal 8.80 281.0 6.74 





*Activity is here expressed as equivalent international units of beef heparin. 


volume was reduced by vacuum distillation and salts were removed by 
dialysis. From the 8.8 liters 33.7 mg. of material were obtained with a potency 
equivalent to 2 mg. of heparin by metachromatic assays but only 0.045 mg. 
by antithrombin assay. Since for beef heparin the ratio of the antithrombin 
potency to the metachromatic potency is unity, the active material obtained 
was not beef heparin but some other metachromatic substance. Two hundred 
and fifty cubic centimeters of human blood were treated in the same way and 
the product obtained was completely inactive both metachromatically and for 
antithrombin activity. A larger volume (1.5 liters) gave a product weighing 
112 mg. which showed only a trace of antithrombin activity. 


DISCUSSION 


Although by this method we are able to recover 40 per cent of added 
heparin with a concentration as low as 0.007 mg. per 100 ml. of blood using 
50 ml. samples, we have so far been unable to estimate heparin in dog, human, 
or beef blood to which none has been added. The octylamine method sug- 
gested that human blood, judging by the antithrombin activity of the 
‘‘heparin’’ separated by this method, contained 0.009 mg. per 100 milliliters. 
Therefore if heparin is normally present in the blood of these species its con- 
centration must either be much lower than 0.1 yg per milliliter or it must be 
present in a combined form which is not extracted by the phenol method. The 
proteins or the phospholipids of the plasma may be responsible for this com- 
bination, which, if it exists, must be of a much firmer type than that between 
added heparin and the plasma constituents. Experiments with potassium 
thiocyanate extracts of canine liver indicate that phenol will extract heparin 
readily after tryptic digestion but not before. This may explain why recovery 
of heparin was possible from the blood of dogs in anaphylactie and peptone 
shock but not after irradiation, since there was evidence of an increase in 
proteolytic activity of the blood in the former animals. The results reported 
in this paper make the existence of any free heparin in normal blood question- 
able. Further work is indicated, however, on the assumption that heparin 
may exist in blood in a combined form. 


SUMMARY 


A method is described for the separation of added heparin from }lood. 
The proteins of the plasma are dissolved with phenol, leaving the heparin in 
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the clear protein-free upper layer. Recovery of heparin up to 90 per cent 
is obtained from blood, with almost complete recovery from plasma. A short- 
ened method is suggested for routine clinical use. The existence of free 
heparin in normal blood appears to be unlikely. 


The authors are greatly indebted to Dr. C. H. Best for his interest, to Dr. E. Fidlar for 
many valuable suggestions, and to Dr. A. M. Rappaport and Dr, R. L. MacMillan for their 
collaboration in applying the method to experimental and clinical problems. 
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A SIMPLIFIED PIPETTE WASHER 
RonaLtp M. Woop, Px.D. 
BaLTIMoreE, Mp. 


HE pipette washer to be described has the advantages of being automatic, 

rapid, inexpensive, and utilizable with any container of suitable depth. 
Pipette washers generally operate as automatic fill and drain siphons built into 
specially constructed metal cans. The author’s need was for a device which 
would make any suitable container serve as a pipette washer without the 
necessity of destroying its usefulness for other purposes. 





Mig. 1. 


Any suitable tubing, such as glass, metal, or plastic, is used to construct 
the device which consists simply of two sizes of tubing: a smaller, or inflow, 
tube and a larger, or outflow, tube. These are assembled as shown in Fig. 1. 
In the illustration the smaller tube has an inside diameter of %4¢ in. and the 
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larger tube’s inside diameter is 14 inch. Two lengths of rubber tubing are 
connected to the large-diameter tube. One length extends from the longer arm 
of the assembly illustrated to the bottom of the pipette container chosen. The 
other length is connected to the other arm of the assembly and runs to the 
laboratory sink. The small-diameter tube is connected by means of rubber tub- 
ing to the water tap. The apparatus is supported by hanging the U-shaped 
assembly over the rim of the pipette container. By varying the water pressure, 
the level at which the container will begin to empty is easily adjusted. 

When used with a 1,000 ¢.c. graduate, which accommodates ipproximately 
six dozen 1 ¢.c. serologic pipettes, the device decribed will automatically wash at 
the rate of sixty changes of water per hour. 


















A LUCITE SYRINGE SHIELD FOR PROTECTION AGAINST 
IRRADIATION DURING INTRAVENOUS ADMINISTRATION 
OF BETA-EMITTING RADIOISOTOPES 


A. Peari, W. F. Betruarp, M.D.,* anp L. O. Jacospson, M.D. 
CuicaGo, IL. 


HE use of radioisotopes in multiple millicurie dosages for the treatment of 
various diseases has introduced hazards to the therapist that have not been 
encountered since early work with roentgen rays. The dangers involved in hand- 
ling potent gamma emitters are well recognized, and elaborate techniques have 
been developed for protection against their deleterious effects during clinical use. 
In the ease of pure beta emitters, however, there are those who believe that the 





Fig. 1. 
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glass syringe affords sufficient protection against beta irradiation and that fur- 
ther precautions are unnecessary. Cowing and De Amicis! have shown that 
such shielding is insufficient, and the use of an ordinary Geiger-Miiller counter 
confirms their findings. 

Although the tolerance dose of radiation to the hands has not been clearly 
established, it is axiomatic that exposure should be kept to an absolute minimum. 
Large single doses of P** (6 to 8 me.), used therapeutically in such diseases as 
polycythemia vera, are well above the safe permissible dose for the hands of 
the therapist. Lead-lined gloves are not only impossibly clumsy but are theo- 
retically unsafe because of Bremstrahlung. 





Fig. 2. 


For clinical use, the shield devised by Anthony and Norris? was found to 
be unsatisfactory insofar as it was impossible to keep injection solutions free 
from contamination by the shielding. 

After several additional unsuccessful attempts to design a satisfactory 
syringe or syringe protector, the Lucite shield shown in Figs, 1 and 2 was de- 
veloped. The shield consists of a cylindrical Lucite barrel into which the 
syringe fits and locks by a 90 degree turn. The wall is 1.2 em. in thickness and 
protects against beta particles with maximum energies as high as 2.0 mev. 
A conical compression spring, inserted at the bottom of a hole bored in 
the shield, holds the syringe firmly in place after it has been inserted and 
twisted into the groove at the top of the shield. This device is designed to 
accommodate many standard types of syringes and reduces the need for elaborate 
decontamination procedures since simplicity of assembly obviates contamination 
of the shield by radiation and of the syringe by bacteria. The flat face, milled 
at a 10 degree angle on the shield, aids in positioning the unit for injection and 
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Fig. 3. 


prevents rolling when the device is placed on a smooth, flat surface. The closed 
end has been designed for use either with a Luer Lok or an eccentrically placed 
tip. Inasmuch as the inside diameter is fixed, it is necessary to have a separate 
size of shield for each syringe size. In general, however, most work can be ac- 
complished with a 10 ¢.c. syringe. 


SUMMARY 


Attention is called to the problem of overexposing the hands to beta radia- 
tion during therapeutic intravenous administration of B-emitting radioisotopes. 
Plans for a simple, effective, Lucite syringe shield are shown in Fig. 3. 
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1. THE SPATIAL VECTORCARDIOGRAM IN RIGHT BUNDLE 
BRANCH BLOCK 


J. A. ABitpskov, M.D. (By Invitation), C. E. Jackson, M.D. (By Invitation), 
G. E. Burcu, M.D., ano J. A. Cronvicu, M.S. (By Invitation), 
New ORLEANS, La. 


Theoretical considerations and limited practical experience indicate that the 
spatial vectorcardiogram may be clinically useful. Among the conditions in 
which it shows promise of providing more information than is furnished by the 
electrocardiogram are the varieties of intraventricular block. Studies to date 
suggest that infarction in the presence of left bundle branch block may be 
recognized by this method. The present report is of preliminary studies of the 
vectorcardiogram in right bundle branch block. The findings are offered as sug- 
gestive evidence that the diagnosis of ventricular hypertrophy in the presence of 
right bundle branch block may be improved by use of this method. 

Projections of the vectorcardiogram on various planes of the equilateral 
tetrahedron reference system have been photographed and utilized to construct 
wire models representing the three-dimensional vectorcardiograms. Twenty-four 
subjects with definite electrocardiographic evidence of right bundle branch block 
have been studied. 

Eighteen of the subjects had x-ray and clinical evidence of left ventricular 
hypertrophy although the electrocardiograms of only five could be considered 
indicative of enlargement. The QRS sf-loops of seventeen of these subjects 
showed considerable similarity, being smooth in contour with most having axes 
in the first or second sextants in the frontal plane and directed somewhat pos- 
teriorly in the sagittal plane. 

Records from three subjects with right ventricular hypertrophy were char- 
acterized by having the major portion of the frontal plane projection of the QRS 
sE-loop situated to the right of the isoelectric point. The terminal portion of 
one record was extremely irregular in contour. This record was obtained from 
a subject with cor pulmonale and severe congestive failure suggesting that the 
irregularity may be the result of damage to the myocardium of the right 
ventricle. 

Three subjects without cardiae enlargement yielded records in which the 
initial portion was similar in form and direction to that of normal subjects. 
Only the terminal portions of the QRS sE-loops, representing right ventricular 
activation, were located to the right of the isoelectric point. 
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2. ELECTROLYTE AND WATER CONTENT OF CARDIAC AND 
SKELETAL MUSCLE IN NORMALS, VENTRICULAR 
HYPERTROPHY AND INFARCTION 







L. C. ALEXANDER, M.D. (By Invitation), A. J. Boyte, M.D. (By Invrration), 
L. T. Isert, M.D. (By Invitation), R. 8S. McCaucuey, M.D. (By 
INVITATION ), AND G. B. Myers, M.D., Detroit, Micu. 




































In 53 autopsies, muscle blocks, free of gross fat, were obtained from the 
center of the interventricular septum, from three standard left ventricular 
sites, and from the pectoralis major. All specimens were analyzed for sodium 
and potassium, spectrographically, and for total water by vacuum desiccation. 
In approximately two-thirds of the cases, spectrographic analyses were also 
made for phosphorus, magnesium, calcium, and copper, and chemical analysis 
was made for chloride. 

The cases were classified from the standpoint of cardiac findings at 
autopsy into the following groups: normal, nineteen cases; recent infarction, 
eight; and left ventricular hypertrophy, twenty-six. The latter group was 
subdivided into fourteen digitalized and twelve nondigitalized cases. 

The average values for normal myocardium per wet tissue were: H.,0O, 
78.7 per cent; Ci, .153 per cent; Na, .117 per cent; K, .322 per cent; Mg, .021 
per cent; P, .212 per cent; Ca, .007 per cent; and Cu, .0003 per cent. Skeletal 
muscle was comparable in calcium, magnesium, and phosphorus content, 

: slightly lower in water and sodium, distinctly lower in chloride and copper, 
but significantly higher in potassium. 

The average values in uncomplicated left ventricular hypertrophy were 
almost identical with the normal. There was no significant difference in the 
hypertrophied but digitalized hearts except in respect to potassium. The 
average potassium content in six digitalized but compensated hearts was .281 
per cent, and in eight digitalized but decompensated hearts it was .272 per 
cent. The potassium content of skeletal muscle was correspondingly reduced 
in the digitalized’ and decompensated cases. The reduction in cardiac and 
skeletal muscle potassium in digitalization and decompensation confirms the 
early work of Harrison. 

Recently infareted myocardium was slightly lower in water content, sig- 
nificantly lower in potassium (.189 per cent), magnesium (.011 per cent), and 
phosphorus (<.100 per cent), but slightly higher in calcium and copper, and 
significantly higher in sodium (.195 per cent) and chloride (.260 per cent). 
Grossly uninfareted blocks from the same hearts were intermediate in com- 
position between the infarcted segments and those from normal hearts. 





3. HOMOLOGOUS SERUM JAUNDICE AND ITS RELATIONSHIP 
TO METHODS OF PLASMA STORAGE 


J. Garrotr ALLEN, M.D., Carotyn Syxkes, R.N. (By Inviration), Dantev M. 
Enerson, M.D. (By INviTaTION), AND PETER V. Mou.tper, M.D. 
(By INvITATION ), CHIcaGco, ILL. 


The methods currently employed for the preservation of plasma are also 
the methods most frequently and satisfactorily employed in the preservation 
of viruses. These include lyophilization, storage at dry ice or deep freeze tem- 
peratures, and refrigeration. A survey of the literature in which cases of 
homologous serum jaundice from human blood products have been described 
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discloses that, in every instance in which such data were available, these prod- 
ucts were stored under conditions favorable for viral preservation. No virus 
is known to survive prolonged room temperature in a cell-free state without 
preservatives. 

In the University of Chicago Clinics where plasma has been stored at room 
temperatures (78 to 96° F.) for a minimum of two to three months before use, 
it appeared doubtful if any of 864 patients receiving this plasma have de- 
veloped homologous serum jaundice. On the other hand, fifteen and possibly 
eighteen of 6,504 patients receiving whole blood transfusions have developed 
homologous serum jaundice during this same period. The average number of 
donors contributing to the plasma transfusions of each patient was forty-four, 
whereas the average number of donors whose blood was transfused in the 
patients receiving only blood was 3.3. The relationship of the method of 
plasma storage to the incidence of homologous serum jaundice is discussed. 
The claim is not made that prolonged storage of plasma at room temperature 
will kill the virus of homologous serum jaundice although our data would in- 
dicate that the virus is probably attenuated and that patients given this plasma 
are unlikely to develop delayed post-transfusion jaundice. 

Although certain changes of the chemical and physical properties of 
plasma stored at room temperature for one to two years undoubtedly occur, 
nitrogen balance studies suggest that this plasma is effective both as a nutritive 
agent and as a means for combating shock. It would seem advisable that if 
plasma is to be stored in the lyophilized, frozen, or refrigerated states that it 
must first be “sterile” with reference to the virus of homologous serum jaun- 
dice if the troublesome incidence of this syndrome is to be avoided. 


4. OBSERVATIONS ON THE RELATIONSHIP BETWEEN BONE 
MARROW ACTIVITY AND THYROID FUNCTION 


ARNOLD R. AXELROD, M.D., AND LAWRENCE BERMAN, M.D., Derrort, MIcu. 
(INTRODUCED BY GORDON B. Myers, M.D.) 


It is generally assumed that a relationship exists between the structure of 
the bone marrow and the activity of the thyroid gland. It is claimed that there 
is consistent hyperplasia of the sternal marrow in hyperthyroidism whereas 
there is consistent hypoplasia in hypothyroidism. This widely quoted concept 
is based mainly on post-mortem studies. The quantitative data obtained from 
living patients, as reported by others, make up a total of only nineteen cases. 
These previously reported studies of bone marrow content were based on volu- 
metric data obtained by centrifugation of the aspirated sternal bone marrow, 
data which we have previously shown to yield unreliable results. 

Our present investigation consists of a review of the literature and analysis 
of an additional twenty-seven patients with hyperthyroidism and ten patients 
with hypothyroidism. Qualitative and quantitative studies of the blood and 
bone marrow morphology were carried out. 

The blood changes in hyperthyroidism do not form a constant pattern. 
The marrow in hyperthyroidism exhibits hyperplasia of all myeloid systems. 
Lymphocytosis in the marrow is often present without lymphocytosis in the 
peripheral blood. 

In hypothyroidism, the usual peripheral blood changes include macrocytic 
anemia, increased osmotic fragility of the erythrocytes, and normal leucocyte 
and platelet counts. The bone marrow in hypothyroidism reveals hypoplasia 
of all myeloid systems which may or may not be accompanied by a reciprocal 
Increase of fat content. 
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Except for the occasional finding of erythrocytosis, the marrow hyper- 
plasia in hyperthyroidism is not reflected in the peripheral blood. Hyper- 
thyroidism must be included among the conditions associated with significant 
lymphocytosis of the bone marrow. 

Hypothyroidism must be included among the causes of a hypoplastic ap- 
pearance of the bone marrow, and should be strongly considered in any patient 
having hypocellular marrow with macrocytic anemia. 


5. APPLICATION OF AN EAR OXIMETER TO ESTIMATION OF 
CARDIAC OUTPUT BY THE DYE METHOD IN MAN 


Earu F. Bearp, M.D. (By Invitation), Joun W. NicHouson ITI, M.D. (By 
INVITATION), AND Eart H. Woop, M.D., Pu.D., RocHEester, MINN. 


The differential changes in light absorption in the red and near infrared 
ranges produced by addition of Evans blue to blood permits use of a modified 
earpiece oximeter with absolute-reading, single-scale recording circuit (Proc. 
Staff Meet., Mayo Clin. 25: 384, 1950) to obtain continuously recorded estima- 
tions of the concentration of the dye (T-1824) in the blood of the heat-flushed 
ear. Subjects breathed 99.6 per cent oxygen to assure complete and constant 
arterial oxygen saturation; 40 to 50 mg. of dye were injected intravenously 
and absorption curves were recorded simultaneously by earpiece oximeter and 
directly on arterial blood flowing at a constant rate through a cuvette oximeter 
attached to an indwelling radial needle (Wood and Nicholson, Proc. Am. 
Physiol. Soe., Am. J. Physiol., in press). The contours of simultaneous cuvette 
and earpiece curves from thirteen normal subjects and twenty-eight patients 
with cardiovascular abnormalities were (with two exceptions) qualitatively 
closely similar. The earpiece was calibrated against the cuvette oximeter, assum- 
ing equal concentrations of dye in ear and radial artery, at three points: (1) 
peak concentration during first circulation, (2) peak concentration during first 
recirculation, and (3) five minutes after injection. In a second type of earpiece 
calibration, a line was drawn through only the last of these points, assuming that 
sensitivity of the earpiece to the concentration of dye approaches a straight line 
passing through zero at its origin. In ten normal subjects, cardiac indexes ob- 
tained by replotting earpiece time-concentration curves semilogarithmically 
(method of Hamilton and associates) averaged 2.72 + 0.2 L./min./M? by use of 
the multiple-point calibration method and 3.05 + 0.2 L./min./M? by use of the 
one-point method. Simultaneous cuvette oximeter curves yielded an average 
index of 3.17 + 0.2 L./min./M?. Since sensitivity of the earpiece to dye varied 
widely between subjects, use of an average calibration curve seems infeasible. 
The apparent success of the one-point calibration method suggests the possibility 
of a practical method of approximating cardiac output with the use of earpiece 
dye curves calibrated by a single determination of dye concentration in a sample 
of venous blood withdrawn five minutes after the injection of dye. 


6. ERYTHROCYTE VALUES IN THE LEUCEMIAS 


WiuuraM R. Best, M.D. (By Invitation), Louis R. Limarzi, M.D., anp 
Henry G. Poncuer, M.D., Cuicaco, IL. 


Of five hundred thirty-two patients with leucemia studied, three had de- 
veloped from prior polycythemic states. The remainder were divided into four 
large groups for analysis: J, Chronic lymphatic and chronie lymphosarcoma- 
cell (29 per cent of cases); JJ, chronic myelogenous in chronic phase (18 per 
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cent); III, acute myelogenous, lymphatic, lymphosarcoma-cell, stem cell, and 
acute exacerbation of chronic myelogenous (37 per cent); and JV, subacute lym- 
phatie and myelogenous, leucemic reticuloendotheliosis, and all monocyties (16 
per cent). On first examination, red cell counts and smears were recorded in 
96 per cent of cases, hemoglobin in 86 per cent, icterus index in 63 per cent, and 
reticulocytes in 44 per cent. 

Mean and standard deviation for each group are as follows: Red cell count 
(millions/eu. mm.)—TI, 3.6 + 1.8; IJ, 3.3 + 1.1; TJ, 2.8+1.1; IV, 2.8+1.1. Hemo- 
globin (Gm./100 ¢.c.)—I, 10.5 + 3.4; I, 9.6 +8.1; III, 7.6 + 3.2; IV, 8.3 + 3.1. 
Mean corpuscular volume (cubic microns)—J, 91.1 + 9.2; IJ, 87.9 + 8.2; III, 
89.4 + 9.6; IV, 95.0 + 11.3. Mean corpuscular hemoglobin concentration (per 
cent )—I, 31.6 + 3.6; IJ, 32.3 + 4.5; IIT, 31.8 + 4.8; IV, 31.7 + 3.4. 

Reticulocytes exceeded 1.0 per cent of red cells in 20 per cent of cases so 
studied from group J, 39 per cent of I7, 30 per cent of J77, and 47 per cent of IV. 
Normoblasts were observed in peripheral smears from 2 per cent of group J, 48 
per cent of IZ, 29 per cent of JIZZ, and 30 per cent of IV. Significant variation in 
size, shape, and/or staining of red cells was considered present in 49 per cent of 
I, 58 per cent of I7, 66 per cent of IIT, and 75 per cent of JV. Icterus index ex- 
ceeded 10 units in 6 per cent of group J, 5 per cent of IJ, 4 per cent of I//, and 
13 per cent of IV. 

Perusal of values according to further division into leueemic types showed 
most marked tendencies to macrocytosis in leucemic reticuloendotheliosis differ- 
entiating along myeloid lines (eight cases), subacute myeloid (ten), and acute 
myeloid leucemias (forty-nine) with mean values for mean corpuscular volume 
of 106.9, 98.5, and 92.8 cubie microns respectively. Three of twelve monocytic 
leucemias so studied revealed marked elevation of the icterus index, one being 75 
units. Presumedly hemolytic, macrocytie anemias having red counts less than 
3.0 million, icterus indices above 14 units, and mean corpuscular volumes greater 
than 93 cubic microns were observed in two each of the monocytie and chronic 
lymphatic leucemias and in one each of the chronic myeloid and acute lympho- 
sarcoma-cell leucemias. 


7. INCREASE IN BASAL OXYGEN CONSUMPTION PRODUCED BY 
CORTISONE IN PATIENTS WITH UNTREATED MYXEDEMA 


Wituiam H. Bererwautes, M.D., WituiAM Q. Wo.rson, M.D. (By Invitation), 
Joun R. Jones (By Invitation), CHarLes T. Knorpp, B.S. (By Invitation), 
AND JENNIE 8. SIEMIENSKI, M.S. (By Invitation), ANN ArpBor, MIcH. 


The direct effect of 11,17-oxysteroids upon oxidative metabolism in man is 
not known. Studies on euthyroid patients are invalidated by alterations in 
thyroid function produced by these hormones. Webster, Pfiffner, and Swingle 
found that adrenal extract would raise the B.M.R. of thyroidectomized animals. 
Other investigators have shown a calorigenic action of ACTH or cortisone in 
panhypopituitary or myxedematous individuals receiving a small daily ration 
of thyroid. It has been suggested that this increase in B.M.R. represented an 
creased efficiency of action of thyroid hormone on peripheral tissues. To 
test this hypothesis, we have studied the effect of cortisone on the B.M.R. of 
patients with untreated myxedema. 

Two patients with classical spontaneous myxedema were studied. Both 
had a B.M.R. and I? uptake in the expected low range. Adrenal cortical 
function tests showed entirely normal responses in one patient and gross im- 
pairment in the other. Both patients received approximately 1 Gm. of corti- 
sone in a period of from five to seven days. During this time, their level of 
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intellectual function appeared to improve little, but they were much more 
cheerful and animated. The cold intolerance of one patient improved. [n- 
fraorbital myxedematous puffiness, very marked in one patient, showed only 
questionable change, and there was no change in the dry, horny skin of the 
other patient. During administration of cortisone, the B.M.R. rose from —37 
to —21 in one patient, and from —31 to —10 in the other. Within one week after 
withdrawal of coriisone, the B.M.R. returned to pretreatment values in both 
patients. Neither patient showed any increase in I’*! uptake during cortisone 
administration. Changes in serum protein-bound iodine and cholesterol] will 
be discussed. 

Cortisone thus produces a direct increase in basal oxygen consumption 
which is demonstrable in the absence of significant amounts of circulating 
thyroid hormone. 


8. EFFECT OF RADIOPHOSPHORUS ON RATS WITH 
COBALT-INDUCED POLYCYTHEMIA 


W. F. Beruarp, M.D. (By Invitation), BE. SkiIRMONT (By INVITATION), AND 
LL. O. Jacopson, M.D., Cuitcaco, IL. 


Seventy-eight, female, Sprague-Dawley rats, averaging 250 grams in 
weight, were divided into the following categories : 

Group I, those given cobalt only. 

Group II, those given only cobalt for twelve weeks, and then both cobalt 
and P*, 

Group III, normal control animals. 

Group IV, those given P* only. 

Group V, those given cobalt and P**, started simultaneously. 

Cobalt was administered as CoCl,- 6 H,O. Each of the treated animals re- 
ceived 1.25 mg. per kilogram of cobalt ion subcutaneously five times per week. 
Severe polycythemia invariably appeared by the end of twelve weeks. Radio- 
phosphorus was used in the dose of 1.5 microcuries per gram intraperitoneally 
every three weeks. Hematocrit, hemoglobin, heterophil, and lymphocyte de- 
terminations were performed every three weeks. 

Exeept for initial polycythemia in animals of Group II, they and those otf 
Group IV responded similarly to radiation. Hematocrit and hemoglobin values 
began to fall after a total P** dose of 4.5 microcuries per gram had been given 
(twenty-second week). The drop continued gradually until the twenty-eighth 
week, after which each came to rest at a considerably lower level. Rats in 
Group V, however, developed polycythemia despite simultaneous administra- 
tion of P** and tolerated a total P** dose of 9.0 microcuries per gram before 
hematocrit and hemoglobin values began to fall. The drop was then more 
rapid than, but quantitatively similar to, those of Groups IT and IV. 

It would appear that no significant difference in sensitivity to radiophos- 
phorus exists between normal rats and rats with an established cobalt poly- 
cythemia. In contrast, the initial bone marrow hyperactivity following cobalt 
administration apparently affords some protection to the destructive effects of 
P*? when the two are begun simultaneously. 

It has been postulated that one mechanism of both radiation injury and 
cobalt polycythemia is inactivation of S-H bearing enzymes or substrates. If 
this were true, one would expect no protective action, rather the destructive 
effects might be additive. It would seem therefore that such mechanism is not 
the only possibility for either radiation injury or cobalt polycythemia. 

















in 


‘e- 


10- 
ly 
le- 


of 
Les 
en 
th 
in 
“a- 
re 
re 


OS- 
ly- 
alt 
of 


ind 








PROCEEDINGS OF TWENTY-THIRD ANNUAL MEETING 801 





9, COLD HEMAGGLUTININS AGAINST NORMAL AND TRYPSINIZED 
RED BLOOD CELLS: A STUDY IN NORMAL INDIVIDUALS AND 
HEMOLYTIC ANEMIAS 


BertHa A. Bouroncie, M.D. (By Inviration), Marruew C. Dopp, PH.D. (By 
INVITATION), AND CLAUDE-STARR WricHt, M.D., CoLumBus, OHIO 


We have previously reported the presence of incomplete hemagglutinins in 
the various hypersplenic syndromes, using trypsinized red blood cells. Since 
cold agglutinins are considered to be autoagglutinins and have been associated 
with hemolytic anemias, study was undertaken to determine any relationship 
of these incomplete hemagglutinins to cold agglutination, and to characterize 
cold agglutinins with the newer techniques. 

In the serum of thirty normal individuals, cold agglutinins were present as 
follows: (1) with the saline technique against both homologous and normal 
QO Rh+ cells, in titers up to 1:16 dilution, with the most frequent titer of 1:4; 
(2) with trypsinized red blood cells the above range was extended as high as 
1:64 and the most frequent titer was 1:32; (3) with the albumin technique 
against both homologous and normal O Rh+ eells titers were up to 1:16, but 
the most frequent titer was 1:2. The latter test was least satisfactory. 

Cold agglutinin titers were within the normal range in eight patients with 
hereditary spherocytosis before and after splenectomy. 

In twelve cases of acquired hemolytic anemia cold agglutinin titers by the 
three techniques were normal in seven. In one, cold agglutinin titers were in- 
creased with saline and albumin against their own cells before splenectomy ; 
normal titers after splenectomy. In two others, titers were moderately in- 
creased with trypsinized cells only. In the two cases in which it was thought 
that the cold agglutinins were playing a significant hemolytic role clinically, 
titers were markedly elevated with all techniques. 

In one of the two patients with Mediterranean anemia and complicated 
with hypersplenie thrombocytopenic purpura, the cold agglutinin titer with 
trypsinized red blood cells was elevated before splenectomy and reduced to 
normal range after. In the other case, titers were normal. 

In three cases of known Rh sensitization, only one demonstrated an in- 
crease of agglutinins in cold. Titers were elevated for Rh+ cells with all tech- 
niques, being most marked with trypsinized cells. In addition, cold agglutinin 
titers increased temporarily for trypsinized Rh-— cells. ; 

Seven patients with multiple myeloma showed cold agglutinin titers within 
the normal range. 

A series of experiments have been initiated to characterize these cold 
agglutinins by cross absorptions, and varying temperature and complement. 

Current conclusions indicate that cold agglutinins (1) are a constant find- 
ing in normal individuals in low titers, (2) are within the normal range in 
hereditary spherocytosis and. multiple myeloma, (3) may or may not be in- 
creased in idiopathic acquired hemolytic anemia, (4) increased for trypsinized 
red blood cells in some cases of Rh sensitization, (5) do not parallel the incom- 
plete agglutinins frequently found in the hemolytic syndromes, (6) when in 
high titers are accompanied by clinical hemolysis. 
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10. TREATMENT OF HYPOTENSION ACCOMPANYING MYOCARDIAL 
INFARCTION: USE OF A PRESSOR SUBSTANCE 


BERNARD L. BrorMAn, M.D. (By InvitaTIOn), HERMAN K. HELLERSTEIN, M.D., 
AND WALTER H. Caskey, M.D. (By INviITaTION), CLEVELAND, OHIO 


Phenyl tertiary butylamine sulfate (Wyamine), a new pressor substance, 
has little direct effect, either upon the myocardium or the central nervous sys- 
tem, and appears a desirable drug for use in certain hypotensive states, espe- 
cially that associated with myocardial infarction. Experimentally, slow in- 
travenous doses of approximately 1 mg. per kilogram in dogs appear to in- 
crease coronary flow even under constant perfusion pressure. Heart work in- 
creases as blood pressure rises and cardiac output is maintained at control 
levels. Very large doses cause a rise in pulmonary artery pressure and only 
occasionally may produce ectopic rhythms. In human beings studied by means 
of right heart catheterization, cardiac output was relatively constant while 
blood pressure was significantly elevated by Wyamine administration. The 
effects of intravenous doses of 5, 10, 20 mg., and of 35 mg. by slow intravenous 
drip, and the intramuscular injection of various doses were studied in normo- 
tensives, hypertensives, and hypotensives. There were varying degrees of 
vasopressor response with very little side effect. In general the response to 
intravenous injection is immediate, with rapid loss of effect when the injection 
is discontinued. There appears to be no cumulative effect. With intramuscu- 
lar injection a more prolonged effect is obtained. There is little or no effect 
on the heart rate, respiratory rate, and electrocardiogram, except for oceca- 
sional reflex slowing of the heart in association with marked blood pressure 
response. 

In view of the universally poor prognosis in myocardial infarction asso- 
ciated with hypotension, Wyamine was administered to fourteen patients who 
showed a persistent fall in systolic pressure (below 80 mm. Hg) following in- 
faretion. In all patients, including two who appeared moribund and terminal, 
there was some pressor response even in those with no pressure obtainable 
prior to treatment. In twelve patients there was a significant increase in blood 
pressure with clinical improvement. Seven of the fourteen patients survived 
(as compared to 10 to 20 per cent survival in nontreated cases of this type of 
hypotension). Two of the survival patients were pulseless and comatose at 
the time of injection of the drug. This pressor substance had also produced 
significant blood pressure elevation in acute hypotension associated with vari- 
ous other medical and surgical conditions. 

A vasoconstrictor substance (Wyamine) having no evident direct effect 
upon the myocardium has given encouraging results in the treatment of cer- 
tain hypotensive states, especially that associated with myocardial infarction. 


11. PHYSIOLOGIC STUDIES OF CHRONIC CARDIAC COMPRESSION: 
RESULTS OF PERICARDIECTOMY IN SIXTY-ONE CASES 


B. L. Brorman, M.D. (By Invitation), J. R. CoamBuiss, M.D. (By Invitation), 
Comm. E. J. JaruszewskI, U.S.N. (By Invitation), J. F. Martin, M.D. (By 
INVITATION), AND H. Frit, M.D., CLEVELAND, OHIO 


In sixty-one patients with chronic cardiac compression (chronic constric- 
tive pericarditis) upon whom pericardiectomy was performed by Dr. Claude 
3eck in the past twenty years, various aspects of circulatory dynamics were 
studied before and after operation, with long-term follow-up. The operative 
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and immediate postoperative mortality was 18 per cent. The average time of 
follow-up was nine years with a range of 1 to 20 years. Twenty-one cases were 
followed over ten years. In 72.2 per cent of all cases, complete cure or marked 
improvement resulted. 

The preoperative circulatory changes were as follows (average values in 
parentheses). Most patients had a relative tachycardia (91 p/m), systolic blood 
pressure was decreased (111 mm. Hg), with a diminished pulse pressure (31 
mm. Hg). Venous pressure was constantly greatly elevated (27 mm. water) ; 
circulation time (magnesium sulfate) was increased (25.5 see.). The vital 
capacity of the lungs was reduced (1,885 ¢.c.). 

Basal metabolic rate was reduced (—8 per cent) despite dyspnea (in con- 
trast to congestive heart failure). Cardiae output (Grollman technique) was 
greatly diminished, the stroke volume (34 ¢.c. per beat) being 56 per cent of 
normal. Blood volume (vital red method) was increased (93.5 ¢.e. per kilo- 
gram). The electrocardiogram showed decreased voltage of the ventricular 
complexes, primary T-wave changes, arrhythmias (usually auricular fibrilla- 
tion) in 31 per cent of the cases, and broad, notched P waves. 

There was laboratory evidence of impaired liver function and the serum 
protein levels were somewhat lowered (albumin, 3.4 Gm. per 100 e.e.). 
Roentgenographiec study showed diminished pulsations in every ease. 

As a consequence of decreased diastolic filling and systolic emptying 
cardiac output is impaired with subsequent derangement of circulatory dy- 
namics, the interrelation of which produce the signs and symptoms of chronic 
cardiac compression. The long-standing constriction (average length of symp- 
toms, 2.5 years) results in myocardial atrophy. 

Immediately after pericardiectomy there was some degree of improvement 
in circulatory dynamics, but ultimate restoration of normal function depended 
upon complete recovery of the myocardium. 


12. REMISSION IN HODGKIN’S DISEASE FOLLOWING COLCHICINE, 
DESOXYCORTICOSTERONE, AND ASCORBIC ACID 


G. O. Broun, M.D., Vicror Hacer, M.D. (By Invitation), M. C. GOEHAUSEN, 
M.D. (By Invitation), C. B. GreBeL, M.D. (By Invitation), W. M. SWEENEY, 
M.D. (By Inviration), AND R. H. HetuMann, M.D. (By Invitation), 
St. Louis, Mo. 


This report includes five cases of Hodgkin’s disease (diagnosis established 
by lymph gland biopsy), treated by oral administration of colchicine, 1/100 
grain three times daily, combined with daily intramuscular injection of 5 mg. 
desoxycorticosterone and intravenous injection of 1 Gm. ascorbie acid. In 
patients who improved, Cortalex tablets were substituted for desoxycorticos- 
terone, and these and ascorbie acid were given orally. 


CasE 1.—White, female, aged 25. Onset of Hodgkin’s disease in Septem- 
ber, 1949. Acute course, high fever, and leucocytosis. Nitrogen mustard pro- 
duced remission lasting two weeks. Relapse with hyperpyrexia and numerous 
enlarged and painful glands. Above-described treatment instituted Jan. 11, 
1950. Prompt improvement. Afebrile in two weeks. Glands decreased in size. 
Gained 20 pounds. Blood counts essentially normal. Now in remission over 
six months. Single gland remains palpable in right axilla. 

Case 2.—White, female, aged 54. Had rheumatoid arthritis for eighteen 
years. Onset of Hodgkin’s disease in October, 1948. Treated with x-ray with 
remission of several months, then recurrence, Jn March, 1950, neck glands 
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enlarged sufficiently to restrict head movements. Breathing and swallowing 
were difficult. Joints were quite painful. Marked eosinophilia. Above-de- 
scribed treatment given with prompt improvement. Glands markedly reduced, 
joints improved greatly. Remission lasted two months. Colchicine then was 
discontinued. Slight relapse followed. Patient now back on treatment and 
doing well. 

CasE 3.—White, female, aged 81. Time of onset uncertain. No previous 
treatment. Colchicine, desoxycorticosterone, and ascorbic acid begun July, 
1950. Glands regressed markedly in two weeks. Medication discontinued. 
Glands increased in size promptly. Gland biopsy before and after treatment 
shows typical picture of Hodgkin’s disease. 

Case 4.—White, male, aged 53. Was a terminal x-ray-resistant case. 
Failed to show any improvement on treatment described above. The patient 
died two months later. 

Case 5.—White, female, aged 29. Diagnosed in 1946. Well controlled by 
x-ray until September, 1949, then resistant. Brief remission from nitrogen 
mustard. Unable to tolerate colchicine because of marked gastrointestinal 
symptoms. Given desoxycorticosterone and ascorbic acid without improve- 
ment. Later, when nearly moribund, given cortisone without improvement. 
The patient died soon after. 

While obviously no cures were obtained, we believe these results are suf- 
ficiently interesting to justify further trial of this treatment. 


13. DETERMINATION OF PROTEIN BOUND THYROID IODINE 
BY NEUTRON ACTIVATION 


Austin M. Brurs, M.D., anp O. II. Ropertson, M.D., Cuicaco, Iu. 


The high flux of neutrons available in the nuclear reactor ean be used to 
estimate the concentration of certain elements where isotopes have favorable 
physical characteristics. Jodine is such an element, since the natural I’ 
yields, on absorption of a neutron, radioactive I'*8 which has a half-life of 25 
minutes. The most important interfering element is chlorine, which yields a 
39-minute isotope, so that in tissue determinations the chloride is removed by 
dialysis. 

Iodine has been estimated in thyroglobulin and in tissues from the floor 
of the mouth in the trout, which includes the thyroid follicles. The method is 
sensitive to less than a microgram of iodine and duplicate results within 5 
per cent are attainable. Sinee the method does not entail chemical destruction 
of the material, an analysis can be repeated. It is also feasible to localize iodine 
by autoradiographic methods by activating tissue sections. 


14. VASCULAR RESPONSES TO ACTH AND ALTERATION IN 
SODIUM INTAKE 


ALBERT A. Brust, M.D. (By Inviration), WitLIAM Ransonorr, M.D. (By 
INVITATION), Morton F. Retser, M.D., AaNnp EUGENE B. Ferris, M.D., 
CINCINNATI, OHIO 

In certain essential hypertensives the feeding or restriction of sodium con- 
sistently produces a respective increase or decrease in “humoral” vascular tone 
as measured by the blood pressure response to tetraethylammonium chloride 
(TEAC). Inability to produce this phenomenon in the presence of marked 
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kidney impairment has suggested the possibility of a renal mechanism and per- 
haps the involvement of adrenocortical factors. Since hypertension has been 
reported to frequently accompany the water and electrolyte changes induced 
by ACTH administration, the effects of this drug (100 mg. per day) have been 
investigated during periods of normal (4.2 to 5 Gm. Na per day) and restricted 
(0.2 Gm. Na per day) sodium intake. Two hypertensive and two normotensive 
patients were studied. 

In all patients the TEAC floor rose above control levels within twenty- 
four hours after ACTH was begun and remained elevated throughout. Follow- 
ing discontinuance of the drug the TEAC floor fell to very low levels, con- 
comitant with sodium diuresis. In three of the patients receiving ACTH, 
changing the sodium intake (from normal to restricted or restricted to normal) 
produced additional significant shifts in the height of the TEAC floor similar 
in direction and magnitude to the changes induced by the same maneuver in 
the absence of adrenocortical stimulation. 

In general, blood pressure alterations paralleled the TEAC floor changes, 
but in the hypertensive patients these were of minor magnitude. On ACTH 
the normotensive patients promptly developed moderate hypertension which 
persisted until the drug was stopped. In addition to the blood pressure and 
TEAC floor changes, metabolic studies indicated that shifting of the sodium 
balance appears to exert a specific, though quantitatively slight, influence on 
the adrenal stimulating effect of ACTH. This was especially evident during 
the change from restricted to normal sodium and following withdrawal of 
ACTH. 

The data suggest that: 

(1) ACTH administration and shifts in sodium balanee significantly alter 
the blood pressure and TEAC floor. These effects appear to be additive and 
possibly independent and involve mainly the “humoral” component of vascular 





tone. 
(2) The TEAC floor appears to be a sensitive indicator of ACTH activity. 
The response precedes other metabolic effects and either precedes or parallels 
depression of the eosinophiles. 


I. THE MICRODETERMINATION OF INORGANIC PHOSPHATE AND 
ALKALINE PHOSPHATASE ACTIVITY BY A MODIFICATION OF 


r THE KING-ARMSTRONG AND BODANSKY METHODS 

S 

) A. HuGues Bryan, M.D., JEAN G. Wai, A.B. (By Invitation), AND Mary C. 
i Rosertson, M.S. (By INviration), CHAPEL Hi, N. C. 

e 


For studies of the alkaline phosphatase activity of the serum of infants and 
children and for use in nutrition surveys, a micromethod utilizing blood serum 
obtained from finger puncture is advantageous. Bessey, Lowry, and Brock 
(J. Biol. Chem. 164: 321, 1946) described such a method, utilizing as a sub- 
Strate disodium p-nitrophenyl phosphate, a compound which has since proved 
difficult to purchase or to prepare in the laboratory. 

We have found that the molybdivanadate phosphate method of Simonsen 
and co-workers (J. Biol. Chem. 166: 747, 1946) is readily adapted to the deter- 
mination of inorganic phosphate in 10 ¢.mm. of serum. Furthermore, with this 
method it is possible to determine the phosphorus liberated from a substrate 

n- by the alkaline phosphatase activity of 10 ¢.mm. of serum. The enzymatie hy- 
ne drolysis may be carried out under the conditions of substrate, buffer, pH and 
le Incubation time prescribed by either of two generally accepted phosphatase 
ed methods, the King-Armstrong or the Bodansky. The inorganic phosphate 
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present before and after incubation is determined in the Beckman spectro- 
photometer, utilizing the molybdivanadate reagent of Simonsen. 

The precision of microdeterminations of inorganic phosphate and alkaline 
phosphatase by these methods is satisfactory. The mean and standard devia- 
tion of twenty-four determinations of inorganic phosphate on the same sample 
of serum was 3.44 + 0.05 mg. per 100 milliliters. Twelve determinations were 
done by both phosphatase methods on two sera with the following results: 
Serum A, 7.05 + 0.39 KA units, 1.46 + 0.09 B units; serum B, 47.85 + 0.55 KA 
units, 10.08 + 0.05 B units. A more detailed statistical analysis showed that 
there was no significant difference in the magnitude of the variance inherent 
in the two phosphatase methods. 

The sera of thirty children were analyzed for phosphatase by the two 
methods and the results compared. These sera ranged in phosphatase activity 
from 2.89 to 7.63 B units and from 12.5 to 35.0 KA units. The correlation co- 
efficient was 0.934. One unit may be converted to the other by use of the re- 
gression equations: 


Pa = 4.76 Pg — 0.19 Pz = 90.185 Px, + 0.59 


In each case the standard error of estimate indicates a coefficient of varia- 
tion of about 10 per cent associated with this conversion. 


16. AN INVESTIGATION OF THE MODE OF ACTION OF BENADRYL 
AS AN ANTIHISTAMINIC 


STUYVESANT But er, M.D., F. R. Hauu, M. D. (By INviration), AND 
H. N. Sanrorp, M.D. (By Invrration), Cuicaco, IL. 


Previous experiments have shown that during continuous intravenous in- 
jections of high concentrations of histamine to dogs at a constant rate there 
occurred a clinical picture resembling shock, which disappeared after a vari- 
able period, and evidence of increased qualitative platelet activity as measured 
by increased speed of coagulation, increased clumping and disappearance of 
platelets and a decrease in the total platelet count. 

These observations suggest that histamine acts on the circulating blood 
platelets on the one hand as well as producing peripheral vasodilatation with 
falling blood pressure. These two actions, one in the blood and the other 
through autonomic control, would seem to be on a different basis. Whether 
antihistaminie effect is in a chemical manner on histamine in the circulating 
blood or whether in some way it blocks sympathetic action on the blood vessels 
is not clearly understood. 

Dogs were given massive doses of intravenous histamine at a constant 
rate with continuous arterial blood pressure recordings. The drop in blood 
pressure was immediate, profound, and accompanied by the clinical evidences of 
shock previously noted. 

At the time of maximum blood pressure drop, blood was drawn for coagu- 
lation and platelet studies and hematocrit. In a second group of dogs 4 mg. 
per pound of Benadryl were administered intraperitoneally, fc 'owed i one 
half hour by intravenous histamine and the foregoing tests were “ener d. 

Histamine-stimulated qualitative platelet activity in the circulaunug blood 
was unaffected by Benadryl. The histamine-produced drop in blood pressure 
was greatly decreased and of much shorter duration following Benadry]. 

It appears that the antihistaminie action of Benadryl is somehow exerted 
on the autonomie control of blood vessels and not on the circulating blood hista- 
mine. 
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17. OBSERVATIONS ON THE EFFECT OF CORTISONE ACETATE 
ON PATIENTS WITH HEPATIC DISEASE 


Hucu R. Burt, M.D., MANpRED W. Comrort, M.D., MarscHELLE H. 
Power, PH.D., AND Harotp L. Mason, Pu.D. (By Invitation), 
ROCHESTER, MINN. 


The purpose of this communication is to describe some results that were 
noted after tie administration of cortisone acetate to two patients who had 
hepatic parenchymal damage. One patient who had severe serum hepatitis 
received 100 mg. of cortisone daily for one period of fourteen days and for a 
second period of six days. The other patient, who had biliary cirrhosis and 
extreme hyperlipemia, received 200 mg. of cortisone daily for twelve days. 
Metabolic balance data were secured during the study of this patient. 

Unlike what is recorded in some reports in the literature, the physical find- 
ings, results of the serum bilirubin test, and of tests of hepatic function in these 
patients were essentially unaltered during the administration of cortisone. 
The metabolic data pertaining to the patient who had biliary cirrhosis reflected 
some unusual findings, but perhaps were not too significant. 

The amounts of corticosteroids excreted by both patients were within the 
range of normal. These increased as cortisone was administered, but no more 
than the usual amount of cortisone escaped metabolism because hepatic fune- 
tion was impaired. On the contrary, in both patients, less of the administered 
cortisone was converted to the 17-ketosteroids which appear in the urine than 
in normal persons. 


18. THE EFFECT OF EXCERCISE ON CIRCULATORY DYNAMICS 
AS A CRITERION FOR CARDIAC COMPETENCE 


JAMES A. CAMPBELL, M.D. (By INviTaTION), AND Louis A. SELVERSTONE, M.D. 
(By Invitation), Cuicaco, IL. 


(INTRODUCED By S. HoOwarp ARMSTRONG, JR., M.D.) 


In an attempt to define cardiac competence more precisely, the alterations 
in circulatory dynamics produced by mild exercise have been measured, using 
cardiae catheterization, in normal subjects and in patients with cardiac failure 
of both the “low” and “high output” types. 

Normal subjects during mild exercise showed increased cardiac output, in- 
creased stroke volume, slightly widened arteriovenous oxygen difference, and 
insignificant alteration in pulmonary arterial pressure. Patients in severe 
cardiae failure resulting from arteriosclerotie or valvular heart disease showed 
borderline to definitely low cardiae output, diminished stroke volume, in- 
creased arteriovenous oxygen difference, and somewhat elevated pulmonary 
arterial pressure, although these values were not always abnormal. With ex- 
ercise, however, this group with low output failure uniformly showed inability 
to increase cardiac output and stroke volume, markedly widened arteriovenous 
oxygen difference, and a rise in pulmonary arterial pressure, as previously de- 
scribed by Hickam and Cargill, (J. Clin. Investigation 27: 10, 1948). 

The cases with frank failure of the “high output” type included patients 
with severe anemia, proved beriberi, and cor pulmonale. These differed from 
the “low output” group by showing normal to moderately high cardiae output 
and stroke volume at rest, with varying degrees of elevation of pulmonary 
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arterial pressure. Often the resting values were within normal limits. How- 
ever, these patients showed a response to exercise similar to that of the low out. 
put group, namely, an inability to increase the cardiac output, a decreased 
stroke volume, a widened arteriovenous oxygen difference, and an increased 
pulmonary arterial pressure. Successful treatment was followed by a return 
to the normal response pattern, with renewed ability to increase eardiae output 
and stroke volume during exercise. 

Patients with severe anemia and thyrotoxicosis not in failure frequently 
showed “hyper-reaction” to mild exercise, with exaggerated increases in cardiac 
output and stroke volume during stress, associated with narrowing of the 
arteriovenous oxygen difference. This response may represent an inefficient 
compensatory mechanism and incipient circulatory failure. 


19. THE EFFECT OF A NEW CATION EXCHANGE RESIN ON 
EDEMATOUS STATES AND ELECTROLYTE BALANCE 


Don W. CuapMan, M.D., AND CarTER II. PANNILL, M.D. (By Invitation), 
Houston, TEx. 


Salt poor diets, as frequently employed in edematous states, are notably un- 
palatable, and the possibility of using a new cation exchange resin to eliminate 
excess sodium in the diet by way of elimination through the gastrointestinal 
tract was investigated. Ten subjects, including two patients with portal cirrho- 
sis, two with glomerulonephritis, two normals, and four cardiaes with decom- 
pensation were chosen for the study. A constant diet containing 6 Gm. of salt 
was fed to the subjects, and then the effects of the oral administration of cation 
exchangers (carboxyalic acid and potassium resins) on electrolyte balance were 
studied. Daily determinations of serum sodium and potassium levels and twenty- 
four hour urinary sodium potassium excretions were made. Blood chlorides, cal- 
cium, carbon dioxide combining power, electrocardiographic tracings, blood urea 
nitrogen, and total base determinations were done at frequent intervals over a | 
two-week period, as well as frequent weighing of the patients. 

Serum potassium, calcium, and chloride levels tended to remain within 
normal limits. In some there was a reduction in the serum sodium levels. Uri- 
nary sodium excretion was greatly reduced, while urinary potassium exeretion 
was increased. No appreciable change in the electrocardiographic tracings oc- 
curred, nor was there a change in the total blood base. Edematous patients 
showed progressive weight loss toward a dry weight, some losing as much as 
twenty to twenty-five pounds. 

No untoward side reactions were observed in these patients, and their ap- 
petites remained good throughout the period. By the addition of the potassium 
resin the hazard of potassium depletion was apparently eliminated. No acidosis 
was encountered. Cation exchange resins may greatly facilitate the control of 
edematous patients by removing the ingested sodium from an adequate salt 
intake. 
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20. NORMAL STANDARDS IN ESOPHAGEAL 
ELECTROCARDIOGRAPHY 


JULES CHASE, M.D. (By INviTaTION), AND RicHARD Minton, M.D. 
(By INviTaTION), Woop, WIs. 


(INTRODUCED BY Maurice ILARpGROvE, M.D.) 


In reviewing the literature on esophageal electrocardiography, it was 
found that there was no published data on normal standards. Criteria of ab- 
normality have been based on relatively small series of cases. 

An eight-electrode esophageal lead and special switchbox were devised. 
The zero reference (Eo) is the one showing the tallest intrinsic deflection of 
the P wave. Tracings are taken at this level and at 2.5 em. intervals above and 
below this point. 

Twenty-three normal subjects have been studied. The following data have 
been obtained to date: 
















































































Q WAVE (IN MM.) R WAVE (INMM.) | Q/RRATIO (IN PERCENT) | 1 WAVE (IN MM. ¥ 

MIN. | MAX. | AVE. | MIN, | MAX, | ave. | MIN, | MAX. | ave. | MIN, | MAX, | AVE. 
Ey, | 0.5 | 10| 10] 60 | 240 | 130] 5.0 | 11o| 80] tol 45 | 3.0 
_Ey, | 05 | 20] 1.0] 35 | 20.0 | 110} 5.0 | 130] 80 | 1.0 | 5.0 1.2 
“Ey, | 0.5 | 9.51 3.0| 1.0 | 28.0 | 120] 4.0 | 200.0 | 41.0 | -2.0 | 4.0 1.2 
Ey, | 0.5 | 15.5] 62] 10 | 34.0 | 120] 0.25 | 250.0 | 60.0 | -4.0 | 25 | 1.0 
_Ey, | 3.0 | 26.0] 11.0 | 10 | 16.0 | 7.5] 18.0 | 1150.0 | 282.0 | 5.0] 0 | -3.0 
E, | 5.0 | 29.0| 12.0 | 0.5 | 18.0 | 45] 12.0 | 3700.0 | 575.0 | -60| 0 | -35— 
E,, | 4.0 | 24.0] 100] 05 | 85 | 25] 12.0 |3000.0 | 865.0 | -9.0 |-1.0 | ~3.5— 
_Ex, | 3.5 | 15.0] 85 | 0.5 | 10.0 | 3.0] 88.0 | 2200.0 | 765.0 | -9.5 | 0 | 3.0 















































21. A CASE OF INTERCAPILLARY GLOMERULOSCLEROSIS 
CONFIRMED DURING LIFE AND FOLLOWED FOR FOUR YEARS 


MELVIN M. Cuerrack, M.D. (By Invitation), AND JEROME T. Pau, M.D., 
CHiIcaGco, ILL. 


A ease of intercapillary glomerulosclerosis (Kimmelstiel-Wilson’s disease) 
with diagnosis confirmed during life and followed for four years is presented. 
The clinical diagnosis of intercapillary glomerulosclerosis is a presumptive one, 
frequently confused with other renal complications and confirmed only by 
histologic study of the kidney. The proved antemortem diagnosis of this lesion 
is not recorded in the literature. 

The patient, a white woman 65 years of age, was first seen in 1946. She 
had a known history of diabetes mellitus of ten years’ duration. Physical find- 
ings included a blood pressure of 180/90, and diabetic retinopathy. No periph- 
eral edema was noted. The urine showed only occasional traces of sugar, 
but there was a constant albuminuria and many red and white blood cells. 
Renal function studies revealed a urea clearance of 100 per cent, 0.38 Gm. of 
albumin per liter, normal concentration, and an N.P.N. of 26. A right nephree- 
tomy was per formed in January, 1946, because of marked hydronephrosis and 
persistent pyuria, despite therapy. The pathology report revealed hydro- 
nephrosis, chronic pyelonephritis, and the typical findings of intereapillary 
glomerulosclerosis. 

During the next four years the patient was followed in the clinic. In Feb- 
ruary, 1950, she was hospitalized for evaluation, although she had no specific 
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complaints. The blood pressure was 210/100. The fundi showed a mixed dia- 
betic and hypertensive retinopathy. Laboratory findings included a typical 
diabetic glucose tolerance curve, minimal glycosuria, 1.3 Gm. of albumin per 
liter, poor tubular concentration and dye excretion, urea clearance of 29 per 
cent, erythrocyte count of 2,750,000, and an N.P.N. of 51. These findings in- 
dicated a severe and progressive impairment of renal function with no signifi- 
cant change in the diabetic status. 


22. CLINICAL AND HEMATOLOGIC RESULTS FOLLOWING 
SPLENECTOMY IN PANCYTOPENIC STATES 


Me.viIn M. Cuertack, M.D. (By Inviration), RusseLL A. Forrest, M.D. (By 
INVITATION ), JEROME T. PauL, M.D., HENry G. Poncner, M.D., anp 
Louis R. Limarzt, M.D., Cuicaco, Iu. 


Three patients with primary pancytopenia were studied before and after 
splenectomy. A fourth case had a remission following blood transfusions. 

The first patient, a 25-year-old white woman with thrombocytopenic pur- 
pura and a reticulocytosis of 60 per cent was splenectomized at another institu- 
tion. Postoperatively the patient continued to have a hemolytic anemia and 
thrombocytopenia. The bone marrow showed a hyperplasia of the erythroid 
and megakaryocytic elements. The myeloid tissue was adequate and morpho- 
logically normal. The Coomb’s test was at first positive, and later became 
negative. She received over one hundred blood transfusions, vitamin B,,., 
histamine desensitization, haptenes, toluidine blue, and antibiotic therapy. 
Terminally she developed a marked jaundice, fever, and myeloid immaturity, 
and numerous normoblasts in the peripheral blood. Autopsy revealed hemo- 
chromatosis. No accessory spleens were found. 

The second patient, a 20-year-old white man with anemia, leucopenia, throm- 
boeytopenia, a moderate reticulocytosis, and a palpable spleen had been under 
observation for nine years. Repeated examinations of the bone marrow showed 
hyperplasia. Symptomatic therapy over the nine-year period of observation 
failed to bring about a remission. He received no blood transfusions. Hxcept 
for a moderate rise in the platelet count, the peripheral blood and bone marrow 
pattern have remained unchanged following splenectomy. 

The third patient was a 42-year-old woman who spontaneously developed 
bleeding and ecchymosis. The thrombocytopenia, leucopenia, anemia, and 
marked reticulocytosis was associated with a hyperplastic bone marrow. The 
spleen was palpable. Splenectomy did not alter the pancytopenic state. 
Despite ACTH, blood transfusions, toluidine blue, pregnane-triolone, and anti- 
bioties, the patient continued to hemorrhage, and expired. No autopsy was 
done. 

The fourth patient was a 10-year-old white girl who developed a spon- 
taneous thrombocytopenic purpura associated with a hemolytic anemia. The 
bone marrow was hyperplastic. The spleen was palpable. Following several 
blood transfusions a spontaneous remission occurred. This has persisted for 
over a year. 

These cases of primary (idiopathic) pancytopenia which were associated 
with a hemolytic component or reticulocytosis cannot be explained by the 
mechanism of hypersplenism, or phagocytosis (sequestration) in the spleen. 
The results of splenectomy in this syndrome are not always predictable by the 
clinical, hematologic and other laboratory tests prior to splenectomy. 
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23. THE CLINICAL APPLICATION OF THE ACID-ANOXIA-ENDOCRINE 
THEORY OF ALLERGY 


Harry G. Cuark, M.D. (By Inviration), Detrorr, Micu., anp 
THERON G. RanpbouteH, M.D., Cutcaco, ILL. 


The acid-anoxia-endocrine concept of allergy was tested by treating 
allergic syndromes with the bicarbonate salts of sodium and potassium which 
not only produces an alkalinization effect, such as occurs in ACTH therapy, 
but also replenishes the reserves of these elements. 

Four grams of sodium bicarbonate every two to four hours was found to 
produce a physiologic response; this was combined with 2.0 Gm. of potassium 
bicarbonate. Alkali therapy in this approximate dosage range has reduced the 
pruritus of acute atopic dermatitis, the pains of allergic enterospasm and those 
associated with allergic headache, myalgia, and arthritis within a period of 
one-half to three hours. The immediate response in asthma and hay fever was 
not as satisfactory. 

The mental and physical depression of the chronic food allergy patient 
improved. Some severe psychoses were temporarily alleviated. The need for 
sleep and rest diminished ; parosmia disappeared ; auditory and visual acuity in- 
creased; comprehension, association, and memory improved; the extremities 
increased in warmth; the face became flushed, and muscular activity, coordina- 
tion, and strength improved. 

One patient, aged 51 years, was treated for a month with doses of sodium 
bicarbonate averaging 32 Gm. daily. His initial blood pressure of 142/86 
gradually became elevated to 200/120. Changing to 12.0 Gm. of potassium bi- 
carbonate daily was followed by a reduction of his blood pressure to its 
previous level. 

Specifically sensitive allergic patients receiving a maintenance dose of 16 
Gm. of sodium bicarbonate daily, with or without additional potassium bicar- 
bonate, continued to react clinically to the ingestion of allergenic foods, al- 
though their symptoms were more mild and of less duration. 

A laxative effect may occur following large doses; this does not appear to 
be harmful, and is actually beneficial in the treatment of acute food reactions. 

It should be emphasized that alkali therapy is a helpful adjunct in the 
management of clinical allergy, but it is not a substitute for specific diagnosis 
and treatment. 


24. THE ACID-ANOXIA-ENDOCRINE THEORY OF ALLERGY 


Harry G. CuarK, M.D. (By Invitation), Detroit, MicH., AND 
THERON G. RANDOLPH, M.D., Cuicaaco, IL. 


The final stage of digestion occurs intracellularly as it does in unicellular 
organisms, and results in an accumulation of predominantly acid end products. 
These attract extracellular fluid, as it is known that proteins absorb water 
when acidified. 

Not only is the oxygen exchange of a cell diminished in the presence of 
edema, but the resulting anoxia tends to accentuate the acidification of the cell. 
This may establish a vicious circle, providing these processes take place beyond 
a critical rate of speed or are augmented by the coexistence of the intravascu- 
lar sludging phenomenon. 

In the presence of a specific allergic reaction, this mechanism occurs at a 
greater rate of speed than can be buffered by the available electrolytes and 
the alkaline granules of the eosinophils. This stimulates the pituitary-adrenal- 
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thyroid system to greater activity, but the outpouring of alkalinizing secretions 
may or may not control the reaction, depending upon the degree of specific 
sensitization, the dose of the allergen, and the functional integrity of the en 
docrine glands. 

The clinical phenomenon of masking (improvement of chronic allergic 
symptoms following an often repeated, intermittent, specific allergenic ex- 
posure) is explained on the basis of the production of a temporary endocrine 
ascendency. However, the potentiality of the endocrine glands is limited, as 
they share in the anoxia of all tissues, and repeated exposure to allergens may 
result in a progressively diminished glandular response due in part to a reduc- 
tion of the available alkaline reserve. 

The increased speed with which the A-A-E mechanism operates in allergy 
is in harmony with the fact that the most rapidly absorbed forms of a food are 
the most allergenic, the order being: alcohols, sugars, starches, proteins, and 
fats. 

Anoxia is primarily responsible for the allergic fatigue syndrome and al- 
lergie cerebral manifestations, including certain psychosis, as the brain uses 20 
per cent of the available oxygen. Anoxia, resulting from edema and/or sludg- 
ing, is also the chief cause of pain in myositis and arthritis, as these allergic 
manifestations usually involve the most active muscles and joints. 


25. CALCULATION OF VASCULAR VOLUME BY INTRACARDIAC AND 
BY INTRAVENOUS DYE INJECTION 


Wa TER 8. Cor, M.D. (By Invitation), Maurice M. Best, M.D. (By 
INVITATION ), AND JOHN WALKER Moore, M.D., Louisvitur, Ky. 


The dye-injection method for measuring cardiac output yields data which 
may, as was first shown by Stewart, be used for estimating the volume of blood 
occupying the cardiovascular system between the site of injection and the site 
of sampling. This estimation is valid if the dye advances through the inter- 
vening channels in such manner as to clear them uniformly of undyed blood. 
Under these conditions the contained volume is V — Ft, where F is the volume 
flow through the channels traversed, per second, and t is the time elapsing, in 
seconds, between injection and appearance at the sampling point. If dye is 
injected in a peripheral vein, as in the method of Hamilton, Moore, Kinsman, 
and Spurling, it advances toward the heart through one of many converging 
streams, the volume flow increasing at each venous confluence. In order for 
the calculation of contained volume to be valid under these conditions, the 
volume flow and the appearance time would have to be known for each seg- 
ment traversed by the dye on its route to the heart. 

Comparative data have been obtained on intervening vascular volume, by 
making two dye injections in the same subject, into the right ventricle, and 
into an antecubital vein. In a series of normal, supine subjects, the vein in- 
jections yielded calculated volumes which were as much as 1,000 ¢.c. larger 
than the ventricular injections. Since this far exceeds the volume of venous 
blood standing between the antecubital vein and the right ventricle, the calcu- 
lation is not valid under these conditions. 

Data have been obtained on the so-called pulmonary blood volume in 
normal subjects, using intraventricular dye injection, which show the effect 
of postural changes. In general, there is a decrease in volume, when the sub- 
ject is tilted feet-down, of the same order of magnitude as the increase in vital 
‘apacity. Data on pulmonary circulation time suggest that the reduction in 
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cardiae output in the feet-down posture is associated with an equivalent reduc- 
tion in the cross-sectional area of the stream-bed, mean velocity of flow re- 
maining unchanged. 


26. METABOLIC AND CLINICAL EFFECTS OF CORTICOSTERONE 
(COMPOUND B) IN MAN 


JEROME W. Conn, M.D., STEFAN S. Fasans, M.D. (By INviration), LAWRENCE 
If. Lours, Sc.D. (By Invitation), AND BeTry JOHNSON, B.S. (By INviTaTIon), 
ANN ARBOR, MICH. 


The limited availability of Compound B has prevented thorough study of 
its clinical and metabolic effects in man. Eighty-five milligrams of the com- 
pound were given to one patient by Thorn, and 100 mg. to another by Loeb. 

Six grams of Compound B were made available for this study. The sub- 
jects consisted of two normal men and two patients with Addison’s disease, one 
of whom has diabetes mellitus. Dosage ranged from 25 mg. to 200 mg. per day. 
Observations included daily renal excretion of sodium, potassium, chloride, 
nitrogen, uric acid, creatinine, glucose, 17-ketosteroids and “11-oxysteroids.” 
Frequent determinations on blood were made for total lipid, total and free 
cholesterol, sulfhydryl content, glucose, sodium, potassium, chloride, hema- 
tocrit, and eosinophils. Repeated glucose tolerance and insulin tolerance tests 
were made. Similar observations were made with cortisone (compound E) 
and ACTH on the two normal subjects. 

The results indicate that Compound B induces significant changes both in 
electrolyte and in organic metabolism. Sharp retention of sodium, chloride, 
and water, as well as diuresis of potassium occur. Also demonstrable, though 
mild, are decreased carbohydrate tolerance, increased resistance to insulin, and 
increased renal excretion of nitrogen, urie¢ acid and, “11-oxysteroids.” Eosino- 
phils are not affected. 

Clinical improvement in untreated Addison’s disease is rapid and excellent, 
far surpassing that obtainable with full doses of DCA. It seems unlikely that 
this difference in clinical response can be due to the mild Compound B effects 
upon organic metabolism which we have measured. It is probable that pres- 
ence of an oxygen atom on carbon eleven imparts metabolie activities which 
are not yet recognized and which are responsible for imparting a feeling of well- 
being. 

For the following reasons Compound B seems better suited for substitu- 
tion therapy in Addison’s disease than either DCA or compound E: 

1. It induces the desired effects upon both electrolyte and organic metabo- 
lism. Compound E has unpredictable effects upon electrolyte metabolism. 

2. On a milligram basis the electrolyte effect of Compound B is less intense 
than that of DCA, allowing a greater margin of safety in dosage. 

3. The clinical response to Compound B is excellent. 

Whether further improvement in therapy can be attained by combinations 
of these three steroids remains to be studied. 
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27. A STUDY OF THE HEMORRHAGIC STATE IN DOGS AFTER A 
LETHAL DOSE OF TWO MILLION VOLT X-RAYS 


E. P. Cronkite, CDR (MC) USN (By Invitation), BetHespa, Mp., B. Haupern, 
M.S. (By Invitation), Cuicaco, Itu., D. P. Jackson, LT (JG) (MC) USN (By 
INVITATION), BzTHESDA, Mp., AND GrorGE V. LERoy, M.D., Hines, Iu. 


Ten dogs were given a single dose of 600 r (300 r to each side) of two million 
volt x-rays. The following studies of blood clotting were performed serially: 
platelet count; clotting time of whole blood; clot retraction and lysis; one stage 
prothrombin time; protamine-heparin titration of whole blood (Allen); test 
for circulating anticoagulants (Conley); heparin-protamine titration of oxa- 
lated plasma (LeRoy); and determination of fibrin N. All animals died he- 
tween the eighth and the thirteenth day after irradiation. There was visible 
evidence of spontaneous hemorrhage in every one for at least forty-eight hours 
before death. The occurrence of purpura bore a very close relation to the on- 
set of elevation of temperature. Diffuse, extensive hemorrhage was found in 
every animal at autopsy. During the performance of the autopsies the blood 
clotted firmly. The mean clotting time of whole blood was significantly pro- 
longed after the sixth day. The mean platelet count was less than 50,000 after 
the eighth day. There was no evidence that heparinemia was responsible for 
either the prolonged clotting time or the hemorrhagic state. In every dog 
whose clotting time was longer than one hour it was possible, at some time, to 
reduce it to less than one hour when protamine sulfate was added in the course 
of the protamine-heparin titration (Allen). In every animal the one-stage 
prothrombin time was within normal limits. Conley’s test for circulating anti- 
coagulants was positive in two dogs, and was questionably positive in four dogs 
at some time after irradiation. However, in every animal Conley’s test was 
negative at some time after irradiation when the clotting time of whole blood 
was longer than one hour. Fibrinogen was present in increased amounts in all 
dogs from the seventh day after irradiation. 

It appears that the hemorrhagic state that occurs in animals that have re- 
ceived lethal doses of x-rays is not identical with any of the hemorrhagic dis- 
eases encountered in clinical practice. In addition to the thrombocytopenia, 
there is reason to suspect the occurrence of a circulating anticoagulant, the 
nature of which is not known. 


28. THE EFFECT OF REPEATED BLEEDING IN HEMOCHROMATOSIS 
W. D. Davis, JRr., M.D., anp W. R. ArrowsmitH, M.D., New ORLEANS, La. 


Hemochromatosis is a rare disease characterized by deposits of large 
amounts of iron containing pigments throughout the body, with particular 
concentration in the liver, spleen and pancreas. It is associated with diabetes 
mellitus, cirrhosis, and bronzing of the skin. Recent evidence has suggested 
that the disease may occur as a result of inability of the intestinal mucosa to 
reject ingested iron. Since the human being has little or no capacity for excre- 
tion of iron, these individuals may accumulate large amounts of iron com- 
pounds in the body over a period of years. 

In an attempt to mobilize the abnormal amounts of iron stored in the tis- 
sues, three patients with hemochromatosis were subjected to repeated phlebot- 
omies. Diagnosis of hemochromatosis in these individuals was suggested by 
clinical observation and was established by means of needle biopsy of the liver. 
Each was treated by means of a high protein-high carbohydrate diet with 
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added vitamin supplements, brewer’s yeast and in some instances lipotrophic 
materials. Insulin was required for control of diabetes in one patient. In addi- 
tion, each patient was subjected to repeated removal of 500 ¢.e. aliquots of 
blood, the red blood cells of which were discarded and the plasma readminis- 
tered. Particularly striking has been the rate at which red blood cells were 
manufactured in these patients. Despite initial evidence of anemia in some 
instances, they have repeatedly regenerated the red cell equivalents of four 
to seven pints of blood per month for periods up to two years. This represents 
a negative iron balance of approximately 15 to 20 Gm./Fe per year. 

Each patient has reported pronounced subjective improvement in sense of 
well-being, increased energy, and working ability. Manifestations of ab- 
normal carbohydrate metabolism have returned toward normal and results of 
liver function studies also have exhibited pronounced improvement. Serial 
liver biopsies have revealed significant diminution in the iron pigment content 
of the biopsy specimens as well as improvement in the appearance of the cir- 
rhosis. There have been no untoward effects from phlebotomy or from plasma 
reinfusion in any of the cases. 


29. PARA-AMINOHIPPURIC ACID SYNTHESIS IN FREE ANXIETY 
AND IN THYROTOXICOSIS 


Witu1AM P. Detss, M.D. (By Invitation), AND Marc J. Musser, M.D., 
MapIson, WIs. 


An increased excretion of hippuric acid subsequent to the intravenous ad- 
ministration of sodium benzoate in patients suffering from the effects of long- 
standing “free anxiety” was reported by Persky, Grinker, and Mirsky. They 
proposed that this might be due to an increase in the conjugating function of 
the liver associated with the emotional disturbance. 

A method for determining para-aminohippurie acid (PAH) synthesis by 
analyzing serum samples colorimetrically one hour after the oral administra- 
tion of sodium para-aminobenzoate (PAB) has been described recently by 
Deiss and Cohen. Using this method, determinations were made on twenty-two 
normal subjects and on sixteen patients with chronic “free anxiety.” In the 
normal group values fell within a well-defined range, and were plotted as a 
curve constituting the normal mean. This was considered as representing 100 
per cent of normal synthesis of PAH. The average value for the “free anxiety” 
group was 156 per cent of the normal mean. This is a statistically significant 
increased rate of synthesis of PAH. 

Because the clinical manifestations of thyrotoxicosis are somewhat similar 
to those accompanying “free anxiety,” determinations were made in twelve pa- 
tients with proved thyrotoxicosis. In these the average synthesis of PAH was 
but 66.8 per cent of the normal mean. This reduction in synthesis may be a 
reflection of liver function impairment accompanying the thyrotoxicosis. 

In the liver, glycine is essential for the conjugation of PAB. To determine 
its influence upon the synthesis of PAH in the conditions being studied, the 
tests were repeated after the addition of 6 Gm. of glycine to the PAB. The 
average PAH synthesis was then increased 65 per cent in the normal subjects, 
30) per cent in the patients with “free anxiety,” and 127 per cent in the thyro- 
toxic patients. It is of particular interest that in the “free anxiety” group 
the already augmented rate of synthesis was increased relatively little while 
in the thyrotoxie group, in which the initial synthesis was considerably below 
normal, a striking augmentation occurred. This suggests that the availability 
of glycine may have a considerable influence upon the rate of synthesis of 
PAH in the liver in these diseases. 
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30. URINARY EXCRETION OF A CHOLINE METABOLITE IN NORMALS 
AND IN PATIENTS WITH LIVER DISEASES 


JESUS DE LA HuerGa, M.D. (By Invitation), AND HANs Popper, M.D., 
CuHIcAGo, ILL. 


The still problematic role of choline in the treatment of liver diseases, 
especially those associated with fatty metamorphosis, raises interest in the 
urinary excretion of choline or its metabolites. On the basis of a nonspecific 
method, it was claimed that in liver diseases more choline is spontaneously 
excreted than in normals, and that this difference is exaggerated by supple- 
mentary administration of choline. 

A newly elaborated, more specific method for the demonstration of choline 
in the urine based upon its precipitation by Reinecke salt at alkaline pH failed 
to reveal any choline in the urine of normals or of patients with liver diseases 
on normal diets. After supplementary administration of from 2 to 8 Gm. of 
choline base (given as choline bicarbonate), less than 20 mg. were excreted in 
the urine. The amount did not show any relation to the functional status of 
the liver. However, at an acid pH a Reineckate propionate appeared after 
supplementary choline ingestion which was not found spontaneously in the 
urine. The urinary output of this choline metabolite within twenty-four hours 
accounted for 60 per cent of choline nitrogen (after administration of 2 to 8 
Gm.). In patients with hepatic diseases, considerably less of this metabolite 
was excreted, and usually the peak occurred later. In some cases of obstruc- 
tive jaundice, the twenty-four-hour output was normal. In normals the peak 
of excretion occurred six to twelve hours after the choline intake. 

Investigations are under way, (a) to identify the chemical nature of this 
choline metabolite, (b) to study the relation between the type and degree of 
liver disease and the quantitative reduction of excretion of the choline metabo- 
lite, and (ce) to ascertain the nature of the alteration in liver disease, namely 
whether it represents faulty absorption of choline, increased utilization or lack 
of its transformation into the metabolite which is excreted in the urine. 


31. THE MICRO-STRESS AS AN INDICATOR OF 
POSTOPERATIVE TRAUMA 


GEZA DE Takats, M.D., Cuicaco, Iu. 


The “maladie postoperatoire” of Leriche (1934) is nothing but an expres- 
sion of Selye’s general adaptation syndrome (G.A.S.), although the factor of 
starvation must also be considered. Studies on our service indicate a partici- 
pation of the clotting mechanism in the G.A.S. 

Since effective anticoagulant prophylaxis can be employed only by giving 
some harmless inexpensive oral medication to every candidate for surgery, or 
by picking out certain endangered patients for postoperative anticoagulant 
therapy, we have attempted the latter course by administering 25 mg. of ACTH 
to a group of preoperative patients and observing the response of the sensitized 
clotting time (s.c¢.t.) following a single dose from one to six hours. 

As in the postoperative period, three patterns present themselves. The 
normal response, as elicited on young “normal” controls, is a shortening fol- 
lowed by a lengthening of the s.c.t. There is a second group showing no re- 
sponse, and a third group in which nothing but shorter coagulation times 
appear. 

When 0.3 mg. of epinephrine are substituted for ACTH, the response is 
even more revealing, since ACTH production is now endogenous, and some 
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patients’ central mechanism to stress is not alert or refractory to the stimulus. 
While in a previous communication I reported a flattening of the heparin curve 
immediately after the injection of epinephrine, it now becomes obvious that 
this is the first phase of the G.A.S. and that I measured only the alarm reaction. 


When the period of observation is extended to four hours, the stage of 
resistanee, Selye’s second stage of the G.A.S., becomes evident. From the 
standpoint of the clotting mechanism, this phase is characterized by a length- 
ened s.e.t. In ease of a paradox shortening of this clotting time, the patient 
obviously cannot marshall his or her natural anticoagulants, and is in need of 
exogenous anticoagulants. 

By the use of an alarming stimulus, such as epinephrine, one can simulate 
postoperative stress preoperatively and shorten the length of the biphasic re- 
action. A clotting time, sensitized with 1 gamma of heparin per milliliter of 
blood, determined before and four hours after 0.3 mg. of epinephrine has been 
injected subcutaneously, is suggested for the measurement of the response of 
the clotting mechanism to surgical trauma. 


32. THE RESPONSE OF THE CLOTTING EQUILIBRIUM TO 
POSTOPERATIVE STRESS 


GEZA DE TAKATS, M.D., Cuicaco, IL. 


The normal fluidity of the blood may be regarded as due to an equilibrium 
between coagulant and anticoagulant factors. Such a diagrammatic concep- 
tion of the clotting mechanism is helpful in explaining its changes in the post- 
operative state. The postoperative state has been studied in the light of the 
general adaptation syndrome, and is followed most readily by daily eosinophil 
counts. The sensitized clotting times were obtained by adding 1 to 4 gamma of 
heparin to 1 ml. of venous blood and observing the lack of fluidity on tilting 
every minute. 

When the daily eosinophil counts are correlated with sensitized clotting 
times, three postoperative patterns are discernible. The most frequent one 
(64 per cent) is a drop in the eosinophils during the afternoon of the opera- 
tion, followed by an eosinophilia which reaches its peak on the third to fourth 
postoperative day. Together with this curve, the sensitized clotting times 
shorten in the early postoperative period and then rise to remarkable heights 
on the third or fourth day. Because of the age groups and the smoothness of 
clinical convalescence, this pattern is regarded as the physiologic response to 
surgical trauma. 

In the second group of patients, there seem to be no fluctuations of the 
eosinophils or of the sensitized clotting times. Both curves are flat. The pa- 
tients show no thromboembolic phenomena, but there may be fever, atelectasis, 
hematoma, or they simply belong to an older sclerotic group of patients. 

In the third group of patients, there is no rise of eosinophils on the third 
to fourth day, and there is a shortening of the sensitized clotting time. Such 
patients are candidates for prophylactic anticoagulant therapy. This phenome- 
non has been observed in the postpartum period of women who have had throm- 
hotic episodes before or during pregnancy, in amputations for diabetic gangrene, 
or after sympathectomies for Buerger’s disease. 

On the basis of statistically insignificant data it is not implied that even 
patients exhibiting the third pattern will develop a clinically manifest thrombo- 
sis. It is suggested, however, that this is the endangered group which—if no 
contraindications exist-—will benefit from anticoagulant therapy. 
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33. THE CONTROL OF ANTICOAGULANT THERAPY BY A 
SENSITIZED CLOTTING TIME 


GEZA DE Takats, M.D., Cuicaco, IL. 


In the past the object of any anticoagulant therapy was to raise the clot- 
ting time to twice or three times the normal level, or to depress the prothrom- 
bin level of the blood to 30 to 20 per cent of normal. Our recent studies with 
heparin and a heparinoid substance (No. 390) lead us to believe that simply 
restoring the clotting equilibrium to a normal level is a sufficient prophylactic 
or therapeutic measure. 

In order, however, to recognize a shift of the clotting equilibrium toward 
the coagulant side, a sensitized clotting time is necessary, since the usual eapil- 
lary or single tube venous clotting times are not indicative of a thrombotic 
tendency. In adding 1 gamma of heparin to 1 ml. of venous blood, a normal 
range for clotting times of sixteen to twenty minutes has been established. 
Prophylactic or therapeutic administration of heparin has been conducted, 
with the object of maintaining this level and not to exceed it. The advantages 
of such management are obvious, since the danger of hemorrhage is minimized 
and the amount of heparin used is greatly curtailed. 

In ease of an acute thrombosis of any sort, treatment is begun with compara- 
tively large intravenous injections amounting to a total of 2 mg. per pound of 
body weight (100 mg. of heparin every eight hours for twenty-four hours in a 
patient weighing 150 pounds). This is followed by the deep subcutaneous ad- 
ministration of heparin in a retarding medium. At first, one daily injection of 
2 mg. per pound weight is necessary, but in a few days, the same dose, given 
every forty-eight hours, suffices to maintain a normal sensitized clotting time. 
When heparin is used for prophylactic purposes, 1 mg. per pound of body weight 
in twenty-four hours is ample to maintain the clotting equilibrium. 

Individual cases are presented to demonstrate the sensitivity of the clotting 
time to the administration of heparin in smaller than the usual doses. During 
the past year, 50 patients received therapeutic and 50 patients received prophy- 
lactic management. One thrombosis occurred in the therapeutic group after 
heparin administration was stopped. The duration of heparin therapy after an 
acute episode and the tapering off are being investigated. 


34. STUDIES ON THE PATHOGENESIS OF SERUM SICKNESS USING 
THE EAR CHAMBER TECHNIQUE, WITH PRELIMINARY 
RESULTS OF CORTISONE TREATMENT 


R. H. Expert, M.D., anp R. W. Wisster, M.D. (By Invitation), Cuicaao, ILL. 


Cardiovascular lesions resembling those of rheumatic fever and _peri- 
arteritis nodosa in man have been described in rabbits following large intra- 
venous injections of normal horse serum. It was hoped that the in vivo study 
of the vascular reaction in serum sickness using the rabbit ear chamber tech- 
nique might offer insight into the pathogenesis of these lesions. 

Eight animals received two doses of horse serum eighteen to twenty days 
apart, each dose 10 ¢.c. per kilogram. One rabbit was given horse serum fol- 
lowed by normal rabbit serum. Two animals received 25 mg. of cortisone daily 
for five days before and one day after the second injection, and a third re- 
ceived similar treatment several months after the second injection. 
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A. The following changes, varying only in intensity, were observed in all 
six untreated animals receiving two doses of horse serum: 


1. Four to seven days after the first injection localized constrictions and 
dilatations were seen in the walls of arterioles 30 to 60 » in diameter, and there 
was segmental sticking of leucocytes to arteriolar endothelium. These changes 
were greatly intensified after the second injection, reaching a maximum be- 
tween twelve and seventy-two hours, then gradually subsiding over a period 
of months. Often swelling of arteriolar endothelium was seen after the second 
injection. Smaller arterioles showed minimal changes. 

2. Focal swelling and proliferation of venule endothelium was seen after 
the second injection. Minimal venule sticking and dilatation occurred simul- 
taneously with arteriolar changes. 

3. Minimal sludging of blood frequently developed four to seven days 
after the first injection, always becoming intensified immediately after the 
second, usually with a subsequent increase two to six days later. 

4. Platelet and white blood cell thrombi and emboli were seen during and 
immediately after the second injection. These were numerous for several 
hours, but were rarely seen after twelve hours. 


B. Normal rabbit serum given nineteen days after horse serum produced 
no significant change. 


C. Cortisone given before the second injection not only produced almost 
complete inhibition of the reaction, but even after cessation of treatment the 
vascular changes remained less than in untreated animals. Given late, it 
caused residual arteriolar changes to disappear. 


3o. A METHOD FOR THE PHOTOELECTRIC STUDY OF THE 
COAGULATION OF WHOLE BLOOD 


FRANK R. Exvuiorr, M.D., Cuicaco, It. 
(INTRODUCED By Howarp L. Aut, M.D.) 


The coagulation time method of Lee and White is unsatisfactory because 
the tilting of the tube does not lend itself to ready control, the end point is 
increasingly indistinet as coagulation is prolonged, and the method fails to 
demonstrate the entire process of fibrin formation. Measurement of light 
transmission by photoelectric methods during the process of fibrin formation 
eliminates the above factors. This principle was first used in a preliminary 
way by Festen on whole blood, and was perfected by Nygaard on recalcified 
plasma. ' ; 

A method has been developed for the photoelectric measurement of coagu- 
lation of whole blood. Principles of the apparatus include a vertical optical 
axis, a plastic cuvette with a blood film of fixed thickness, and direct measure- 
ment of the amount of light reaching the blocking layer photoelectric cell. 
Temperature is controlled throughout. A plotted curve shows the beginning, 
rate, and completion of fibrin formation. The amplitude of the curve is a 
quantitative representation of the amount of fibrin formed. The midpoint in 
amplitude of the curve represents the point of maximum rate of fibrin forma- 
tion, and the elapsed time to this point has been selected for comparative pur- 
poses. In eighty determinations on normal individuals the arithmetic mean for 
this value was 17.11 minutes, with a standard deviation of 4.67 minutes. 

_ Results with this method are reproducible and give characteristic curves 
in many of the hemorrhagic states. For example, coagulation in primary 
thrombocytopenic purpura has been found to start within normal limits, but 
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the rate may be slowed with a definite delay in the completion of coagulation. 
In this condition the Lee and White coagulation time is typically normal, since 
this method measures only an early phase of coagulation. As a further ex- 
ample, hypofibrinogenemia gives a curve of abnormally low amplitude, but 
other factors in the curve are normal. The Lee and White coagulation time 
is normal in this condition if sufficient fibrin is produced to give an end point. 
In several cases with a hemorrhagic diathesis, common tests for detecting a 
bleeding tendency were normal, while the coagulation curve was abnormal. 


36. PERIPHERAL VASCULAR RESPONSES IN PATIENTS WITH 
ATOPIC DERMATITIS 


Wituiam H. Eyster, Jr., M.D. (By INviration), Grace M. Rotu, Px.D., anp 
Ropert R. KreRLAND, M.D. (By INviITaTION), ROCHESTER, MINN. 


An attempt was made to determine the status of the peripheral vascular 
system of patients suffering from atopic dermatitis. The patients were selected 
only in that they met definite criteria by which the disease entity of atopic 
dermatitis is delineated. 

Investigative procedures were (1) determination of skin temperatures of 
the extremities under basal conditions in constant temperature rooms at 78° F. 
(25.5° C.) and 90° F. (32° C.), (2) response of blood pressure to the cold 
pressor test, (3) microscopic observation of the nailfold capillaries of the 
fingers, (4) determination of the vascular responses of areas of the skin not 
involved by dermatitis to a firm stroke (Lewis’ triple response), and (5) deter- 
mination of vascular response in similar areas to 0.1 ¢.c. of 1:100,000 histamine 
solution injected intradermally. 

Twenty-five patients between the ages of 16 and 35 years, fifteen women 
and ten men, were subjected to these procedures. Their responses were com- 
pared to those of a group of normal persons of the same ages and to those of 
patients with other dermatoses. 

All patients with atopic dermatitis showed a clear-cut, definitely abnormal 
rasoconstriction of the blood vessels of the extremities, a consistent white 
dermographia and a lack of the “flare” phase of the triple response on intra- 
dermal injection of histamine. A hyperreaction to the cold pressor test was 
found in most of the twenty-five patients. 

These responses were not found for patients with other dermatoses or for 
normal subjects. 


37. THE EFFECT OF ACTH ON PATIENTS WITH PULMONARY 
TUBERCULOSIS 


JENNINGS FERSHING, M.D. (By Invitation), Hltnes, ILuL., SmMirH FREEMAN, 
M.D., Pu.D., Curcaco, Inu., C. C. Wanc, Pu.D. (By Invitation), 
Hines, ILu., anp L. C. Smiru, Pu.D. (By Inviration), Hines, ILL. 


Five adult male patients were used for this study. Three patients received 
ACTH and streptomycin concurrently. Three patients had unilateral lesions 
and the other two had bilateral disseminated pulmonary tuberculosis. The 
patients were maintained on a diet of constant composition. The following 
determinations were made at frequent intervals: diurnal temperature varia- 
tion, physical findings, sedimentation rate, sputum examination, complete }lood 
count, blood urie acid, sugar, sodium, potassium, chloride, inorganic phos- 
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phorus, carbon dioxide combining power, nonprotein nitrogen, and serum pro- 
tein fractionation. The urinary excretion of nitrogen, creatinine, uric acid, 
chlorides, phosphates, calcium, inorganic phosphorus, sodium, potassium, 17- 
keto- and 11-oxysteroids was followed. ACTH administration was begun after 
three control metabolic periods had been completed. In three cases the initial 
dosage was 100 mg. per day, and in two, 75 mg. per day. An intake of 75 to 100 
mg. daily was then maintained continuously for the subsequent five weeks. In 
three cases the dosage was reduced so that at the end of three weeks the daily 
intake was 20 milligrams. 

The following changes occurred during ACTH administration: all patients 
demonstrated a marked increase of appetite and sense of well being within 48 
hours of institution of therapy. Three patients with unilateral and one pa- 
tient with bilateral tuberculosis demonstrated a disappearance of the diurnal 
fever within a similar period of time. Coughing largely ceased in four pa- 
tients, and the daily volume of sputum progressively decreased while on 
therapy. Physical findings suggested a reduction in pulmonary consolidation. 
All the roentgenograms showed an increase in pulmonary translucency of vary- 
ing degree after the third week of therapy. Areas of translucency resembling 
evacuated abscesses appeared in three patients’ roentgenograms. The sedimen- 
tation rates declined after three weeks of ACTH. Leucocytosis, lymphopenia, 
and eosinopenia were also noted. There was some increase in both systolic 
and diastolic blood pressure in most cases. The body weight increased in all 
patients, including one patient with far advanced bilateral tuberculosis. The 
metabolic changes characteristic of hyperadrenalism were produced. In four 
patients ACTH administration was associated with an increased plasma. al- 
bumin and a decreased gamma globulin and fibrinogen. In all eases the sputum 
remained positive for tubercle bacilli. One of these patients (C. D.) now has 
a minimal lesion. One patient with bilateral tuberculosis (P. P.) has exhibited 
enough improvement so that surgery is contemplated in the near future. One 
patient (J. D.) has retrogressed during the final phases of therapy and is now 
preterminal. A more extensive clinical study is now in progress. 


38. HEMODYNAMIC STUDIES IN A CASE OF PRIMARY AMYLOIDOSIS 


Don L. Fisner, M.D., Cuicaco, Iuu., James A. CAMPBELL, M.D., Cuicaco, ILt., 
LYLE Baker, M.D., Il1nrs, ILL., AND GorpoN Vawter, M.D., Cuicaco, ILL. 


(INTRODUCED By 8S. H]owarp ARMSTRONG, JR., M.D.) 


Studies of cardiac output and intravascular pressures were obtained by 
methods employing cardiac catheterization in a proved case of primary sys- 
temic amyloidosis in mild congestive heart failure. Resting values were first 
obtained, and then a rapid intravenous infusion of 50 Gm. (200 e¢.¢.) saltpoor, 
human albumin was given as a circulatory load test, increasing the blood 
volume from 8,175 to 9,040 ¢.¢.—an increase of 17 ¢.c. per gram of albumin. 
In spite of the induced increases in blood volume and venous pressure, there 

‘as no significant rise in stroke volume or cardiac output at one-half hour 
following the injection of albumin; and at one hour there was actually a de- 
crease in these values. These results suggest mechanical limitations of dias- 
tolic filling and systolic ejection. 

The patient expired at a later date, and primary systemic amyloidosis 
was found at autopsy. There were deposits in and about the smaller arteries 
of the liver, gall bladder, spleen, pancreas, alimentary tract, adrenal glands, 
urinary bladder, testicles, thyroid, and bronchi. The heart was diffusely infil- 
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trated with amorphous, nonfibrillar amyloid deposits. The myocardium wis 
atrophied, and the epicardium and subendocardial tissues were thickened. 

Previously published reports have noted a clinical resemblance between 
some cases of congestive failure due to primary amyloidosis and those due to 
constrictive pericarditis, making differential diagnosis difficult. Our physio- 
logic studies in this case further emphasize the similarity in the two diseases 
in the mechanism of their circulatory failure, namely, a mechanical limitation 
of myocardial function. 


39. THE TREATMENT OF CHRONIC LIVER DISEASES WITH 
PITUITARY ADRENOCORTICOTROPHIC HORMONE (ACTH) 


EpmunND B. Fink, M.D., MINNEAPOLIS, MINN., AND CHARLES F. WILLIAMS, M.D., 
(By INVITATION), EUGENE, ORE. 


Eight patients with hepatic cirrhosis and one patient with Hodgkin’s 
disease and pruritis were treated with ACTH. Three of these patients had 
cholangiolitic cirrhosis and had troublesome pruritus of many months’ or 
years’ duration. The blood bile acid concentrations were elevated in these 
three patients to two and three times the normal value (1.0 mg. per 100 e.c.). 
In one patient the bile acid level fell to normal after twelve days of ACTH 
(from 2.1 mg. per 100 ¢.c. to 0.8 mg. per 100 ¢.c.). The pruritus cleared en- 
tirely by the seventh day when the bile acid level was nearly normal (1.2 mg. 
per 100 ¢.c.). The pruritus returned to its previous severity and the bile acid 
concentration rose to 2.3 mg. per 100 one month after cessation of therapy. 
A second course of ACTH therapy for seven days caused a drop in bile acids 
to 1.2 mg. per 100 ¢.c. and nearly complete alleviation of the pruritus. The 
second patient experienced little change in pruritus and had only a slight fall 
in bile acid concentration (from 2.7 mg. to 2.0 mg. per 100 ¢.c. in twelve days). 
The third patient had had only mild pruritus initially and was not completely 
relieved, but bile acid level fell from 3.0 mg. per 100 ¢.c. to 2.0 mg. per 100 e.c. 
The patient with Hodgkin’s disease and pruritus noted no change in pruritus. 
His bile acid concentration decreased from 1.1 mg. per 100 cc. to 0.9 mg. 
per 100 c¢.e. 

The other patients with hepatic cirrhosis were not benefited in any way 
by ACTH. One patient with thrombocytopenia also had normal platelet counts 
during therapy, but thrombocytopenia returned promptly after cessation of 
ACTH. There was no significant change in liver function tests. In all but one 
patient there was a decrease in gamma globulin concentration of the serum, 
and the average decrease was 0.4 Gm. per 100 ¢.c. of serum. Six of the eight 
patients were unusually fatigued starting about the seventh day of therapy. 
One patient became psychotic on the sixth day but recovered in four days. 
Ascites developed in two patients. One patient died of hemorrhage from 
varices twenty-five days after cessation of therapy. 

In conelusion, it can be stated that no sustained benefit nor permanent 
harm occurred in any patient. The striking correlation between pruritus and 
the bile acid level in one patient and the failure to affect pruritus or high 
bile acid level in another are interesting, and suggestive of the fundamental 
importance of bile acids in the production of pruritus in jaundiced individuals. 
Furthermore, the decrease in bile acids may have significance in the produc- 
tion of adrenal steroids. 
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40. BONE MARROW STUDIES IN LUPUS ERYTHEMATOSUS BEFORE 
AND AFTER ACTH AND CORTISONE THERAPY 


FRANCIS T. Fitoop, M.D. (By INviITATION), AND Louis R. Limarzi, M.D. 
b] >? b] Ys 
CHICAGO, ILL. 


Blood and marrow from eight men and twenty-eight women including two 
Negro women diagnosed lupus erythematosus were studied. Sixteen were in 
the acute stage, nineteen subacute, and one chronic. These patients tended 
toward anemia, leucopenia, elevated sedimentation rates, and normal platelet 
and reticulocyte counts. Three patients had no skin lesions. 


Centrifuged heparinized marrow showed reduced myeloid-erythroid lay- 
ers, especially in the acute stage. Higher values were obtained in patients 
treated with ACTH or cortisone. The myeloid-erythroid ratio on differential 
marrow count averaged 5:1, with a range of 24:1 to 2.5:1. 


In the acute group fifteen of sixteen patients showed typical LE cells and 
clumping previously described in bone marrow of acute patients. LE cells 
consist of a round, smoky, digested, hyaline, pink-staining mass, probably 
nuclear material, surrounded by one or more polys. These cells must be 
differentiated from “Tart” cells which are found in many normal bone mar- 
rows. The “Tart” cell is a small intact nucleus, probably a lymphocyte nucleus 
ingested by a monocyte. We have examined marrow from patients with 
pemphigus, rheumatic fever, scleroderma, dermatomyositis and periarteritis, 
and have been unable to find LE eells. LE cells were observed on histologic 
sections of heparinized marrow from a few acute patients. Most patients’ 
sections did not contain them. Only one patient showed LE cells in autopsy 
material. 

Marrow examined after treatment with ACTH and cortisone showed in- 
creased cellularity with a decrease in clumping and number of LE cells. Nor- 
malization of marrow has not been observed. 


The plasma from 9 patients was tested a total of 23 times. In each test 
the patient’s plasma was incubated with normal marrow which was then 
centrifuged preparatory to making smears which were examined for the 
presence of LE cells. In some of these the plasma was tested soon after with- 
drawal from the patient and again at intervals up to a month. Twelve tests 
showed LE cells, one clumping alone, and ten were negative. Three tests were 
on a subacute patient. The plasma activity paralleled the number of LE cells 
in the marrow and decreased on storage. ACTH therapy reduced the plasma 
activity. 


41. FOLLOW-UP STUDY OF 310 CASES OF PERNICIOUS ANEMIA 


Francis T. FLoop, M.D. (By Invitation), AND Louris R. Limarzi, M.D., 
CHICAGO, ILL. 


This study includes initial workup, follow-ups, and treatment of 310 pa- 
tients with pernicious anemia, followed in the hematology clinic for periods up 
to seventeen years. There were five Negroes, 


Initial red blood count ranged from 850,000 to 6,100,000, hemoglobin from 
3.0 to 17.2 Gm., and leucocytes from 1,300 to 18,000. The extremes on mean 
corpuscular volume were 183 and 68.7 cubie micra, mean corpuscular hemo- 
globin, 54 and 11 micromicrograms and mean corpuscular hemoglobin concen- 
tration 38.8 and 21 per cent. 
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The platelets were estimated in 243 patients, some by the wet preparation 
using brilliant cresyl blue, some from the dry smear. Values below 100,000 
per cubic millimeter were considered markedly reduced, 100,000 to 200,000 
moderately reduced, 200,000 to 400,000 normal and above 400,000 increased. 
The extreme values were 42,000 and 500,000. Platelets were markedly reduced 
in 59, normal in 163, and increased in 12. 

Marrow examination in most cases disclosed megaloblastie hyperplasia. 
Kqually or more consistent was the appearance of bizarre granulocytes, especially 
bizarre metamyelocytes. These cells appear earlier and persist longer after liver 
therapy has been started. 

There were five relapses in patients on maintenance doses of liver. Two ap- 
parently were receiving inactive liver, because they recovered on the same dose 
of another preparation. Three received liver at irregular intervals and recovy- 
ered on recommended doses. One patient who showed a slow decline in RBC 
and hemoglobin on liver therapy has gradually recovered on 15 micrograms of 
B,. weekly. 

In order to study the natural history of pernicious anemia, 43 patients were 
given normal saline instead of liver. The saline was given to patients without 
neurologic changes and with hemoglobin above 12 grams. They were followed 
by periodic neurologic and hematologic examinations. Two patients developed 
cord changes after seventeen and twenty-six months, respectively. The remain- 
der stayed in remission for from three to seventy-two months. There are four- 
teen patients who have been in remission over two years. 

None of the patients had free hydrochloric acid on gastric analysis before 
or’after prolonged and intensive liver therapy. 

Five patients developed vitiligo, eighteen cord changes, and six gastric¢ car- 
cinoma. Three patients were sensitive to liver. 


42. THREE DIMENSIONAL VECTOR BALLISTOCARDIOGRAPITY 


SANFORD A. FRANZBLAU, M.D., WiLLIAM R. Best, M.D., Victor GuILLEMIN, JR., 
Pu.D., AnD JoHN P. Marparcer, Pu.D., Cutcaco, Tun. 


(INTRODUCED By Forp K. Hick, M.D.) 


The desire for a way of measuring the mechanical performance of the 
heart as contrasted to its electrical behavior has led to renewed interest in 
ballistoecardiography. 

The conventional ballistocardiogram taken in the cephalocaudal axis 
might be augmented by a study of motions in the side-to-side and dorsoventral 
axes, just as information obtained from a single lead of an electrocardiogram 
may be augmented by study of other leads. 

Since there is, as yet, no device for recording this behavior in three axes 
simultaneously, we have undertaken to record ballistocardiograph motion in 
the three axes consecutively, using a Nickerson ballistocardiograph. This was 
accomplished by the construction of an auxiliary turntable top for the conven- 
tional ballistocardiograph so that the component displacements in three dimen- 
sions could be aligned with the axis of movement of the conventional table. 
The three vector components were then united on a set of rectangular coordi- 
nates, and the resultants at successive points of the eardiae cycle plotted. A 
wire model of this tri-dimensional vector ballistocardiogram with time mark- 
ings was constructed to elucidate the pattern of motion. Inverse models of the 
table displacement, giving a pattern related to changes in force of the moving 
mass have also been prepared. 
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A statistical analysis of eighteen three-dimensional ballistocardiograms on 
twelve normal subjects with standard deviations at each 0.04 second of the 
cardiac cycle showed that, (1) the tracings were reproducible within close 
limits, (2) the I-J stroke in the frontal plane was generally directed from right 
footward to left headward. The J-K stroke was generally directed from left 
headward to right footward. Instances of abnormal cases, too few as yet to 
permit any generalization, give an indication that this method may be helpful 
in detecting abnormalities as well as in elucidating normal cardiovascular 
dynamics. 


43. THE CLINICAL, HEMATOLOGIC, AND THERAPEUTIC EVALUA- 
TION OF 48 CASES OF IDIOPATHIC HYPOPLASTIC ANEMIA 


CHARLES A. GIANASI, M.D. (By INviration), Louis R. Limarzi, M.D., AND 
ITenry G. Poncner, M.D., Curcaco, IL. 


Forty-eight cases of idiopathic hypoplastic anemia were observed over a 
period of fourteen years. There were 30 white males and 18 white females, 
‘anging in age from 4 months to 72 years. The red blood count was less than 
3.0 million in 30 of the cases, and the lowest red blood count was 0.5 million. 
The white blood count was less than 3,000 in 20 of the eases, and in no ease 
was the count more than 4.5 thousand. The platelet count was decreased in 38 
cases, and tended to remain normal in the remaining cases. The differential 
count in practically all the cases showed a predominance of lymphocytes. The 
bone marrow showed varying degrees of hypocellularity in 27 of the cases. 
Relative or increased numbers of plasma cells was associated with the hypo- 
cellular bone marrows. In 17 cases the bone marrow showed normal cellularity 
or hypercellularity. In these marrows the megakaryocytes were reduced and 
there was a left shift in the myeloid and erythroid elements. Clinically, pallor, 
purpura, and weakness were the presenting complaints. Splenomegaly was 
absent except in those cases that received many transfusions. The duration of 
the disease from the time of diagnosis ranged from three weeks to seven and 
one-half years. Patients with a hypercellular bone marrow were maintained 
on blood transfusions and lived longer than those with a hypocellular bone 
marrow. At autopsy, the bone marrow in many cases was hyperecellular, but 
showed a decrease in the number of megakaryocytes, others a hypocellular 
bone marrow with fatty replacement. Hemochromatosis was observed in some 
patients who received many blood transfusions. 

There were two brothers in a family of eight who had anemia, and at 
autopsy had hypocellular marrows. The remainder of the family all are 
anemic but apparently well. The number of transfusions varied from 4 to 200. 
All usual forms of therapy, including liver extract, vitamin B,,, cobalt, folic 
acid, leucocytie extract, pentnucleotide, bone marrow transplants, and splenec- 
tomy have been tried without avail. One patient received 1.745 Gm. of ACTH 
in two weeks without any change in the blood or bone marrow. At autopsy 
the bone marrow was hypercellular, but the megakaryocytes were reduced. 
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44. EFFECT OF ACTH AND CORTISONE IN EXPERIMENTAL 
STREPTOCOCCAL AND PNEUMOCOCCAL INFECTIONS 


Rosert J. GLASER, M.D. (By Invitation), JoHN W. Berry, M.D. (By Invira 
TION), LENORE H. Lors, A.B. (By Invitation), W. Barry Woop, JR., M.D., 
AND WiLLIAM H. DauGcHapay, M.D. (By Invitation), Sr. Louis, Mo. 


The introduction of adrenocorticotrophic hormone (ACTH) and cortisone 
in the treatment of certain diseases has occasioned much interest, and prelimi- 
nary observations have suggested that these substances might influence favor- 
ably the course of several infectious diseases. In order to evaluate further 
the effect of ACTH and cortisone on the course of bacterial infections due to 
Group A streptococci or to pneumococci, the experiments described herewith 
were performed. 

Cervical lymphadenitis was produced in mice with Group A streptococci 
employing the intranasal route of inoculation. Groups of animals so infected 
were treated with ACTH and with cortisone. Equal numbers of untreated 
mice served as controls. In these experiments neither ACTH nor cortisone 
exhibited a favorable effect on the mortality rate; indeed, the treated animals, 
if anything, did less well than the controls. 

In rats, Type I pneumococcal pneumonia was induced employing methods 
previously deseribed. A number of experiments were performed in which ani- 
mals were treated with ACTH or cortisone: the course of the infection in these 
animals was compared with that in untreated controls. 


Neither ACTH nor cortisone influenced favorably the course of the infee- 
tion, either in regard to ultimate mortality or to the histologic pattern at 
various intervals after inoculation. Certain interesting but inconsistent obser- 
vations in cortisone treated animals were noted and will be described. 


45. AUREOMYCIN IN THE TREATMENT OF HEPATIC FAILURE 


Ropert GoLpBLoom, M.D. (By INviratTIOn), FREDERICK STEIGMANN, M.D., 
AND Hans Popper, M.D., Cuicaco, ILL. 


Stimulated by results of preliminary observations on the effect of aureo- 
mycin in patients with liver disease and in experimental animals, this treat- 
ment was instituted in 14 patients with severe liver disease and deep jaundice 
(8 cirrhoses, 4 chronic and 2 acute hepatitides). Preceding extensive routine 
therapy failed to improve them; 8 of them were stuporous, and 2 comatose 
before treatment was started. The aureomycin was given intravenously in 500 
mg. doses twice a day to the comatose patients and in doses of 500 mg. every 
six hours orally to the others. 

Of the 14 patients, 8 improved markedly, 2 slightly, and 4 died (three 
cases of cirrhosis and one of acute hepatitis). Improvement was noted within 
twenty-four hours after start of treatment. First, clearance of the sensorium 
occurred, then a general feeling of well-being with improved appetite, dis- 
appearance of nausea and vomiting, and of abdominal pain. Later icterus, 
ascites, and size of liver and spleen decreased. In only 5 instances were the 
laboratory tests improved parallel to the clinical amelioration. In the other 
cases no correlation between results of laboratory tests and clinical findings was 
noted. 


The basis for the improvement of patients with hepatic failure under 
aureomycin therapy is still problematic, An antiviral effect is unlikely, since 
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8 of the patients had typical Laennee’s (nutritional) cirrhosis. Gyorgy’s 
explanation of reducing autointoxication by intestinal sterilization appears 
very adequate. 


46. MEDICAL AND SURGICAL DECORTICATION OF THE PLEURA IN 
CHRONIC PLEURAL EFFUSIONS 


ALFRED GOLDMAN, M.D., St. Louris, Mo. 


One of the causes of nonexpandable lung, especially in the presence of a 
pleural effusion, is a fibrinous or fibrous membrane which encases the lung 
and which ean be easily pulled away from the visceral pleura except where 
parenchymal disease has penetrated the pleura. The removal of this so-called 
“peel” may permit ready expansion of the lung, resulting in obliteration of the 
pleural dead space and disappearance of a chronic pleural effusion whether 
infected or sterile. 

This report is based on the application of this principle in the treatment 
of two cases of chronic pleural effusion with nonexpandable lungs. One case 
of cholesterol thorax was treated by surgical decortication; the other, a tuber- 
culous empyema, by medical decortication using streptococcal enzyme solution. 

Case 1 is that of a 44-year-old woman who had a chronic left pleural ef- 
fusion, first observed in 1944. On aspiration this proved to be a cholesterol 
effusion showing numerous cholesterol erystals and 2,165 mg. concentration of 
cholesterol in the fluid. There was no evidence of active pulmonary tuber- 
culosis. For over three years repeated aspirations were necessary. A complete 
visceral and parietal decortication was done surgically. Since the operation 
there has been no return of the fluid and the patient is clinically well. This is 
the first reported case of cholesterol thorax cured by decortication. 

Case 2 is that of a 25-year-old man who developed an acute left pulmonary 
tuberculosis in February, 1946. Artificial pneumothorax was instituted because 
of severe hemorrhage. A troublesome pleural effusion developed during the 
course of therapy. In September, 1949, the lung became nonexpandable and 
at the same time tubercle bacilli were found in the fluid and gradually a tuber- 
culous empyema developed. The lung remained nonexpandable in spite of dis- 
continuance of the pneumothorax and repeated aspirations. On March 27, 
1950, 100,000 units of streptokinase and 40,000 units of streptodornase were 
instilled into the pleural cavity. This was repeated six weeks later. There 
was prompt expansion of the lung. Several aspirations resulted in decreasing 
amounts of pus, and at the present time the lung has expanded to the chest 
wall and the fluid has entirely disappeared. 


47. ADRENAL STIMULATION BY INTRAVENOUS ACTH 
Epaar S. Gorpon, M.D., Mapison, Wis. 


In accordance with general physiologic principles the response of the adrenal 
cortex to stimulation with adrenocorticotrophic hormone, ACTH, may be ex- 
pected to depend upon (1) the functional integrity of the gland, (2) the in- 
tensity of the stimulation, and (3) the duration of the stimulation. Intramus- 
cular injection of ACTH is followed by a measurable rise in cortical output of 
adrenal steroids, but the ACTH concentration in blood falls to undetectable 
levels in a matter of minutes after it passes its peak. <A significantly greater 
quantitative response should be obtained by intravenous administration slowly 
by constant drip over a period of many hours. Such a procedure insures a pro- 
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longed stimulation “pressure” against the gland. The validity of these theo- 
retical considerations has been tested clinically by comparing the urinary 
excretion of adrenal steroids and the eosinophile response in human subjects 
under various types of stimulation and with varying doses of ACTH. Striking 
increases in adrenal cortical secretory activity have been produced by ACTH 
in 5 per cent glucose administered by slow intravenous drip over a period of 
twelve hours. This response has been calculated to be as great as twenty times 
that produced by the same dose administered by a single intramuscular injec- 
tion. No untoward reactions have been observed in any of the subjects receiv- 
ing this material. These observations are considered of importance in the 
practical use of ACTH because of the economy involved. 


48. THE INFLUENCE OF ATROPINE ON THE BLOOD PRESSURE AND 
HEART RATE RESPONSES TO TILTING IN NORMAL SUBJECTS 


RoBert 8. GREEN, M.D. (By Invitation), VINCENT J. SEIWERT, M.D. 
(By INVITATION), AND ARNOLD IGLAUER, M.D., CINCINNATI, OHIO 


Previous studies of intra-arterial blood pressure and of the electrocardio- 
gram during and following a standard tilt procedure have demonstrated a 
predictable pattern of depressor response in the head-down position and of 
pressor response in the head-up position. 

Studies before and after the administration of varying doses of atropine 
intravenously have been completed in twenty normal subjects. Atropine tem- 
porarily diminished the normal blood pressure lowering response of the head- 
down position, and abolished, diminished, or delayed normal heart rate slow- 
ing following head-down tilting. In some subjects it produced marked short- 
ening of the P-R interval. There was a rapid decay of these effects even with 
relatively large doses of atropine. 

It is evident that the administration of atropine impaired normal depressor 
activity as determined by this method. 


49. PRACTICAL EVALUATION OF TRYPSINATED RED CELLS IN 
DETECTING INCOMPLETE ANTIBODIES 


TIBOR JJ. GREENWALT, M.D., Woop, WIs. 
(INTRODUCED BY Maurice M. IHarpGrove, M.D.) 


Our trypsin solutions were prepared by adding 1.0 Gm. of the dry powder 
(trypsin 1:250, Difco) to 100 ¢.c. of 0.85 per cent saline. This solution was 
sterilized by passage through a Seitz filter. No buffer was added. Trypsinated 
standard red cells were prepared by washing O, Rh, RH, (CDe/eDE) cells once 
with saline and then making a 5 per cent red cell suspension. One part of 1.0 
per cent trypsin solution was then added to 9 parts of cell suspension. This mix- 
ture was incubated in a water bath for ten minutes at 37° C. The cells were 
washed three times with saline and then reconstituted to a 5.0 per cent sus- 
pension. 

Cross-matching tests were performed with these standard cells using the 
inactivated sera of 7,861 healthy male donors. The test consisted of adding a 
drop of serum to a test tube containing 1 drop of trypsinated cells. The tube 
was centrifuged at 1,000 r.p.m. for one minute prior to reading. Positive tests 
were obtained in 108 (1.37 per cent) instances. In nine of these individuals 
anti-Rh antibodies were demonstrated using routine techniques. Ninety-nine 
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(1.25 per eent) of the tests must be considered to be false positive reactions. In 
the last 5,142 donors, every positive test was placed in a 37° C. water bath for 
five minutes to see if the reaction would be reversed. 

In the group of 5,142 there were 61 positive reactions (1.18 per cent). 
Twenty-eight of the agglutinations became negative after incubation, leaving 
35 unexplained false positive reactions (0.64 per cent). Saline dilution was 
tried on a limited scale but no reversals were noted with this technique. 

The titers of 166 serum samples known to contain anti-Rh antibodies were 
determined against trypsinated red cells. In 87 specimens the trypsin titer 
was lower than the indirect Coontb’s titer; in 34 it was higher and in 45 the 
two were equal. 

The action of a 1 per cent trypsin solution on the antibody-coated cells of 
18 patients with erythroblastosis fetalis was tested. The test was performed 
by adding 1 drop of trypsin to a 5 per cent suspension of the patient’s cells 
which had been washed three times with saline. The tubes were incubated in 
a 37° C. water bath for one hour and centrifuged at 1,000 r.p.m. for one minute 
before reading. In 13 eases the trypsin test was weaker (negative in 3) than 
the direct Coomh’s test; in 2 it was stronger and in 3 the two tests were equally 
positive. 

This same test was performed with the washed cells of 2 patients with 
acquired hemolytic anemia. In one ease, the trypsin test was negative in the 
presence of a positive Coomb’s test. In the other it was less positive than the 
Coomb’s test. 

It is felt that the use of trypsinated red cells in detecting incomplete anti- 
bodies in routine cross-matchings is to be reeommended if used under carefully 
controlled conditions. 


D0. BIO-ASSAY OF PRESSOR SUBSTANCE IN THE BLOOD OF 
HYPERTENSIVE DOGS 


LLoyp GreGcory, M.D. (By Invirarion), Huan Tsar, M.D. (By Invitation), 
AND RAYMOND GREGORY, M.D., GALVESTON, TEXAS 


In previously published work, it has been shown that angiotonin can be 
demonstrated in the ultrafiltrates of citrated blood plasma from human pa- 
tients, made hypertensive by intravenous injection of angiotonin. When this 
technique was applied to the study of patients with chronic¢ essential hyper- 
tension, no such increase in the presence of pressor substances could be demon- 
strated, when compared with normotensive subjects. 

It has been stated by some workers that experimental hypertension pro- 
duced by the Goldblatt method is not due to any increase in the production of 
angiotonin. For this reason, it was desirable to apply techniques used in the 
study of chronic essential hypertension in human subjects to experimentally 
produced hypertension in the dog. 

The bio-assay technique employed was that of perfusion of the whole 
pithed frog with ultrafiltrates of citrated blood plasma. Calcium-free frog 
Ringer solution was used as a control perfusion agent. Six dogs were studied 
as follows: 

1. The amount of pressor substances in the dogs’ blood was initially bio- 
assayed as a control. 

2. Hypertension was produced by intravenous angiotonin injection, and 
femoral arterial blood was rapidly obtained during the height of blood pres- 
sure elevation. 
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3. Animals were then made hypertensive by the Goldblatt method. Bio- 
assays for pressor substances, according to the technique described, were per- 
formed at intervals of one to three months. 

The results were as follows. 

1. There was a marked increase in the pressor substances in those ultra- 
filtrates of dogs into which angiotonin was injected. 

2. There was no increase in the pressor substances in the ultrafiltrates of 
the Goldblatt dogs as compared with control levels. 

3. One additional animal with experimental hypertension of one year’s 
duration had no more pressor substances than the six control animals. 


With the techniques employed in this study, there is not a demonstrable 
increase of angiotonin in dogs made hypertensive by the Goldblatt method. 
These results support the concept that angiotonin is not the effective pressor 
substance in experimental renal hypertension in dogs. 


51. ACTION OF ALLOXAN ON A HYPOGLYCEMIC INFANT 


J. Epwin Grirritu, M.D. (By Invitation), Ratpu G. JaNrEs, Pu.D. (By 
INVITATION), AND Ropert L. Jackson, M.D., Iowa Crry, Iowa 


Hypoglycemia in infancy and childhood is uncommon and when encoun- 
tered is ordinarily mild, responding readily to Adrenalin or intravenous glu- 
cose and is controlled by dietary management. In the case of the 8-month-old 
white female infant reported, such management failed to elevate appreciably 
the blood sugar levels or allay the convulsive seizures. A subtotal pancreatec- 
tomy also failed to sustain normal blood sugar values. 


At the time ACTH and cortisone were not available, consequently it was 
decided to treat the infant with alloxan monohydrate. Over a period of thirty 
days, 1,750 mg. per kilogram body weight were administered. The child has 
remained well and free from convulsive attacks for fourteen months without 
further alloxan therapy. The blood sugar values showed improvement over 
the prealloxan period, although some values were low, and the glucose toler- 
ance cu:ves, although not entirely normal, also showed improvement. At the 
time of the last examination of the child, the physical growth was somewhat 
retarded, there was no evidence that the alloxan treatment produced any liver 
or kidney damage, the electroencephalographic tracings indicated possible 
cerebral involvement, but the child’s social development was considered normal. 

According to the recent report of McQuarrie and associates, ACTH tem- 
porarily abolished the hypoglycemosis in hypoglycemic patients. All symp- 
toms and signs characteristic of the hypoglycemic state disappeared completely 
and remained in abeyance as long as the hormone was given. The electro- 
encephalogram likewise was restored to normal. 

The response noted in this child with alloxan therapy indicates that the 
initial dose should be approximately 55 mg. per kilogram body weight, given 
by rapid intravenous injection. The dose should be increased by 5 mg. per 
kilogram of body weight daily until satisfactory blood sugar levels are obtained. 
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52. CLINICAL AND PHYSIOLOGIC STUDIES OF PATIENTS WITH 
PULMONIC STENOSIS AND AURICULAR SEPTAL DEFECT 


Rosert L. Grissom, M.D., James A. Camppe.ti, M.D., Louis A. SELVERSTONE, 
M.D., Don L. Fisuer, M.D., Cuicaco, ILt., AND DANIEL L. Donovan, M.D. 
(By Invitation), ATLANTA, Ga. 


(INTRODUCED By S. Howarp ArmstRONG, JR., M.D.) 


During the past two years, six patients with pulmonic stenosis and an 
associated auricular septal defect have been studied in the Presbyterian Hos- 
pital. In age, they ranged from 3 to 43 years, with the majority in their teens. 
Only one was diagnosed as a “blue baby” at birth, and, at the time of our 
studies, cyanosis was slight in two, marked in one, and absent in three. Dyspnea 
was mild in four, absent in two; however, fatigability was the most frequent 
symptom. All patients had a pronounced systolic murmur in the left second- 
third interspace, usually with associated thrill. 

The electrocardiogram showed right ventricular hypertrophy in each ease, 
but the P waves were all within normal limits. Fluoroscopy was helpful, but 
also often confusing. Diminished vascularity and pulsation were by no means 
the rule, but were actually increased in two who had pronounced poststenotic 
dilation of the pulmonary arteries. In three cases, the pulmonary conus was 
unduly large. Right ventricular hypertrophy without much auricular change 
was present in all. 

In all six cases, the pulmonary artery was catheterized, and a marked 
decrease in mean pressure was recorded (average, 11 mm. mereury). The 
elevated right ventricular systolic pressure averaged 102 millimeters. A stand- 
ard exercise test showed no change or a drop in the oxygen consumption per 
liters of ventilation. In one patient, Neo-iopax, injected into the pulmonary 
artery, clearly outlined a post-stenotie dilatation. In all patients, the right 
auricle showed a significant rise in oxygen saturation as compared with the 
vena cava, and in one instance the catheter passed directly through the septal 
defect. Peripheral arterial oxygen unsaturation was always present in some 
degree (90 per cent), and the saturation was further decreased with exercise, 
indicating an increased right-to-left shunt through the septal defect. By con- 
trast, two patients with pure pulmonie stenosis have shown normal saturation, 
while the patients with tetralogy of Fallot we have studied have averaged 72 
per cent saturation. Physiologic studies have aided in the recognition of this 
syndrome which may be treated by valvulotomy. 


d3. A SUCCESSFUL TWO-WEEK PENICILLIN SCHEDULE FOR SUB- 
ACUTE BACTERIAL ENDOCARDITIS CAUSED BY PENICILLIN- 
SENSITIVE STREPTOCOCCUS VIRIDANS 


Morton HampBurcer, M.D., CINCINNATI, OHIO, AND LEON STEIN, M.D. 
(By Invitation), Dayton, OHIO 


During the past three years we have been encouraged by the results of a 
two-week schedule of penicillin treatment for subacute bacterial endocarditis, 
provided that the infecting streptococcus is sensitive to the antibiotic in vitro. 
The Streptococci in the present series were inhibited in vitro by 0.01 to 0.1 
unit per cubie centimeter. 

Twelve patients have been treated with 15 million units a day for eleven 
to fourteen days. The antibiotic was given intravenously to the first three 
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patients and by intramuscular injection at three or four hourly intervals to the 
last nine. One such course eradicated the infection in ten cases. In one pa- 
tient, bacteriologic relapse occurred which was successfully treated by a second 
two-week course of penicillin. The other patient’s relapse is now under treat- 
ment. 

Eight patients are well and leading essentially normal lives at the follow- 
ing number of months after cessation of therapy: thirty-eight, twenty-six, 
fourteen, twelve, twelve, five, three, three. One patient, admitted with evi- 
dence of cerebral embolism, is alive after thirty months, but is an invalid. 
Another, admitted with calcific aortic stenosis, is well twelve months after 
cessation of treatment, but he is restricted to sedentary employment by the 
effects of the valvular lesion. Only one death has occurred. This patient’s 
course seemed satisfactory for two months, when he abruptly went into cardiae 
failure and died within ten days. The autopsy demonstrated patent ductus 
arteriosus, patent intraventricular septum, coarctation of the aorta, and aortic 
insufficiency ; cultures and stains of the small, well-healed vegetations revealed 
no bacteria. 

High blood levels of penicillin, averaging about 25 units per cubic centi- 
meter, have been maintained. Occasional peaks as high as 100 units have oe- 
curred, and occasional troughs as low as 3.12 units. 

The clinical course of most of the patients has been smooth and for the 
most part uneventful. Petechiae, Osler’s nodes, and cerebral embolus have 
been observed during or after treatment, but they were associated with nega- 
tive blood cultures and their effects were transient. 


54. MECHANISM OF REMOVAL OF TRANSFUSED LYMPHOCYTES 


Rosert W. HEINLE, M.D., Austin S. WeISBERGER, M.D. (By INviTaTION), AND 
RicHarp A. Guyton, M.D. (By Inviration), CLEVELAND, OHIO 


The fate of transfused lymphocytes was investigated by injecting concen- 
trated cell suspensions of lymphocytes labelled with radioactive phosphorus 
(P**). Lymphocytes were obtained by cannulation of the intestinal lymphatics 
of rats that had received P** intraperitoneally twenty-four hours previously. 
Determinations of the radioactivity in the lungs, liver, spleen, and kidneys 
were made ten to fifteen minutes after intravenous injection of the labelled 
lymphocytes and compared with control values obtained after intravenous in- 
jection of inorganie P*?. 

Following administration of radioactive lymphocytes the lungs contained 
the greatest percentage of radioactivity, amounting to approximately fifteen 
times that found in control animals. The spleen contained about three times 
as much radioactivity as the controls. The values in the liver and kidneys did 
not vary significantly from control values. Intra-arterial injection produced 
results similar to those obtained with intravenous injection. The distribution 
of radioactivity following the injection of radioactive lymphocytes disin- 
tegrated by supersonic vibration was similar to that obtained with inorganic¢ 
preparations. 

Because of the reported influence of the adrenal cortex on circulating 
lymphocytes, the effect of cortisone and ACTH on the distribution of radio- 
activity was determined. Preparation of the recipient with large doses 0! 
ACTH or cortisone four hours prior to the injection of radioactive lymphocytes 
had no significant effect on the distribution of radioactivity. 

No increase in circulating lymphocytes occurred at any time following the 
injection of concentrated suspensions of lymphocytes. It is concluded that the 
lungs and to some extent the spleen exert a selective action in removing trans- 
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fused lymphocytes from the peripheral circulation. The sites of removal are 
the same as for transfused granulocytes, as previously demonstrated in this 
laboratory. This removal mechanism probably accounts for the clinically ob- 
served failure of blood transfusions to raise low leucocyte counts and may be a 
physiologic mechanism concerned with controlling leucocyte levels. 


5). AN EXTRACORPORAL ELECTRONIC BY-PASS OF THE A-V NODE 


HERMAN K. HELLERSTEIN, M.D., DENMAN SHaw, PH.D. (By INviTaTION), AND 
IrvING M. Liesow, M.D. (By Invitation), CLEVELAND, OHIO 


From a mechanistic view, the ventricles may be considered to be a low 
stability oscillator, easily synchronizable and capable of beating at its own 
natural frequency (as in complete A-V block) or at a sub-multiple of the syn- 
chronizing signal. When a synchronizing signal, originating in the atria (S-A 
node) is applied to it by way of the A-V node and bundle, the ventricles beat 
in synchronism with the atria. When the synchronizing signal is attenuated 
by a high impedance path, as in the A-V node, A-V block occurs. When the 
synchronizing signal reaches the ventricle by accessory pathways whose delay 
is less than that of the A-V node, the syndrome of the short P-R interval, pro- 
longed QRS (WPW) is produced. 

In the present study, an electronic apparatus has been constructed which 
provides the equivalent of a new conduction pathway between the atria and 
the ventricles, and demonstrates the validity of the foregoing concepts. A 
P-wave signal in the form of a sharp spike (as obtained from the output of 
the electrocardiograph with an exploratory intracavitary electrode in the right 
atrium, or bipolar electrode on the atrial wall) is used to trigger a Harvard 
inductorium to send a stimulating break current to the ventricle by way of an 
indwelling catheter within its cavity. The time delay in the system can be 
varied. When the time delay was less than the normal P-R interval, one ven- 
tricle was stimulated and contracted before the other, producing typical 
Wolff-Parkinson-White complexes. When complete heart block was produced, 
as by cutting the main A-V bundle, or after large amounts of Prostigmin, the 
ventricles were easily synchronized with the atria, when the electronic by-pass 
was connected. 

The ease with which the apparatus may be applied to the intact animal, 
using cardiac catheters (pick-up electrode near the SVC-RA junction, output 
electrode mounted on the end of a cardiac catheter within the cavity of the 
right ventricle), suggests a possible application in human patients with sudden 
complete A-V block, where other therapy has failed. 

(A colored movie film will be shown to demonstrate the deseribed fea- 
tures. ) 


06. EFFECTS OF NITROGEN MUSTARD INJECTIONS ON THE 
EMBRYOS OF PREGNANT RATS 


Rosert A. Herric, M.D., G. Gorpon Ropertson, Pu.D. (By Invitation), AND 
DEAN T. Cuing, M.D. (By Inviration), Houston, Texas 


Single intravenous injections of bis-beta chloroethyl methyl amine were 
administered to female rats of the Sprague-Dawley strain on the tenth day of 
pregnancy. The doses varied from 0.1 mg. to 0.5 mg. per kilogram of body 
Weight. Control animals were injected with normal saline on the tenth day of 
pregnancy. 
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One uterine horn was removed from both control and treated animals on 
the twelfth day of pregnancy. Eighty-two per cent of the embryos recovered 
from the control mothers at this stage of pregnancy were normal, whereas 1& 
per cent were abnormal, demonstrating retardation of development or various 
stages of resorption. In the group of pregnant rats which had received 0.1 mg. 
of nitrogen mustard on the tenth day, 88 per cent of the embryos examined on 
the twelfth day were normal and 12 per cent were abnormal. With doses of 
0.2 to 0.38 mg. per kilogram, only 30 per cent of the embryos were normal on 
the twelfth day; and with doses of 0.5 mg. per kilogram, only 5 per cent of the 
fetuses were normal. 

At the termination of pregnancy (twenty-second day), the control rats pro- 
duced 75 per cent viable offspring from the remaining uterine horn—a figure 
which is in agreement with other. investigators. Single injections of 0.1 mg. 
per kilogram did not have an appreciable effect on the viability of offspring at 
the termination of pregnancy inasmuch as 75 per cent of the newborn in this 
group were apparently normal. However, when full-term offspring of this 
group were compared with those of controls, retardation in the development of 
ossification centers was observed in the treated group. No deleterious effects 
were noted on microscopic examination of hemopoietic and lymphatic tissues. 
Animals receiving 0.2 to 0.5 mg. per kilogram of nitrogen mustard gave birth 
to no offspring, 100 per cent of the fetuses undergoing resorption. 

In these experiments, embryologic development in the Sprague-Dawley 
strain of rat is retarded or terminated prematurely by exposure to even small 
doses of bis-beta chloroethyl methyl amine. 


57. THE EFFECT OF CORTISONE AND ADRENOCORTICOTROPTITIC 
HORMONE (ACTH) ON THE PERIPHERAL CIRCULATION AND 
BLOOD PRESSURE IN SCLERODERMA 


K. A. Hines, Jr., M.D., K. G. Wakim, M.D., G. M. Roru, Px.D., anp 
R. R. Kteruanp, M.D. (By Invitation), RocHesterR, MINN. 


The peripheral circulation in the upper and lower extremities and the 
blood pressure of three patients with scleroderma of the acrosclerosis type have 
been studied by means of the plethysmograph with the compensating spi- 
rometer, and by determination of skin temperatures of the fingers and toes in 
a constant-temperature room and in a hot room following the administration 
of cortisone. The blood pressure was studied by frequent determinations of 
blood pressure at rest and with the cold pressor test. The skin temperature 
and blood pressure of one patient were studied following the administration of 
ACTH. 

There was a gradual but slight average increase in the blood flow in the 
forearms and in the legs, as measured with the plethysmograph, which lasted 
more than one and a half hours after administration of 100 mg. of cortisone. 
A similar but no greater change was noted after 300 mg. of cortisone. There 
was no significant change in the skin temperature or blood pressure during 
several hours after administration of 300 mg. or 100 mg. of cortisone or after 
100 mg. of ACTH. There was no cumulative effect observed on the peripheral 
circulation or blood pressure in three patients after a total dosage of 3,000 mg. 
of cortisone given in doses of 100 mg. daily, or in one patient after a total 
dosage of 850 mg. of ACTH given in doses of 75 mg. daily. 
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58. WHOLE BLOOD CREATINE VALUES IN HEART FAILURE 


GEORGE F’, HInkens, M.D. (By Invitation), AND Don C. Sutton, M.D., 
CHIcAGo, ILL. 


Myers, Herrmann, and Gross have individually studied the chemical 
changes in the heart muscle of patients dying from heart failure. They found 
marked reduction of organic phosphates, potassium, and phosphorus. In heart 
failure, excretion of phosphocreatine in the form of creatine and creatinine is 
accelerated (Herrmann). 

The loss of phosphocreatine, adenosine di- and triphosphate along with an 
equivalent ratio of potassium and phosphorus results in serious disturbances 
of cellular physiology. Phosphocreatine furnishes the energy for transforma- 
tion of adenosine diphosphate to triphosphate. Adenosine triphosphate is the 
immediate source of energy for muscle contraction. 

Determination of creatine offers the most reliable evidence of the loss of 
organic phosphates and bases from the muscle cell. 

The Present Study: 

Values of the creatine content of whole blood have been determined for: 
(a) normal individuals; (b) patients suffering various illnesses; (c) those with 
cyanosis or anemia, and (d) cases of cardiac failure before and after compensa- 
tion. 

The study of one hundred fifty cases of heart failure showed a significant 
rise of creatine during failure and decrease with clinical improvement. Con- 
stantly high or rising values indicated increasing failure and often death. 

Blood creatine levels may be a laboratory method of evaluating the degree 
of failure and a prognostie sign. 


io 


09. THE SERUM ESTERIFIED FATTY ACIDS WITH FAT TOLERANCE 
TESTS IN DIABETES MELLITUS 


EpwIin F. Hirscu, M.D., anp LYNN Carponaro, B.S. (By INviraTtion), 
CuHicaGo, IL. 


The esterified fatty acid content of the lipemia which follows the ingestion 
of a fat meal in the amounts of 2 or 3 Gm. of fat per kilogram of body weight 
was determined by a new spectrophotometric method at hourly intervals for 
seven hours in twenty-one healthy human adults (twenty-six tests) and in 
twenty-one diabetic patients. Simultaneous analyses of serum cholesterol were 
made and, in the diabetic subjects, also of the sugar. 

The percentage increase of the serum fatty acids above the initial level 
among the normal adults ranged in five tests between 104 and 146, in seven 
tests between 71 and 89, and in fourteen between 24 and 61. The total choles- 
terol content of the serum varied only slightly from the initial value in each 
test. Accordingly, the cholesterol content of the serum is not an index of the 
total lipid content of the serum. The amount of postprandial lipemia varies 
in individuals and among healthy adults are those with marked, intermediate, 
and smaller elevations of the serum fatty acids following a test meal of fat. 
The peak level of the serum fatty acids in health is reached usually by the third 
to the fourth hour after the test meal. Among thirteen clinically mild diabetic 
patients, with or without insulin control, the initial level of the serum fatty 
acids was in the high range of this level for healthy adults and the peak level 
following the test meal ranged into the highest levels observed in the normal 
group. However, the maximum of the serum fatty acids in the postprandial 
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lipemia of the mild diabetic subject was attained later than in the normal adult. 
The duration of the postprandial lipemia, therefore, is longer. The cholestero! 
content of the serum in these mild diabetic patients has no significant variations 
from the initial level. 

Eight patients with severe diabetes, all using insulin, had a similar but 
more marked increase of the serum fatty acids following the fat test meal. The 
initial serum fatty acid content was above the highest initial values observed in 
the normal group, and even exceeded the maximum postprandial level of some. 
The maximum level was attained late and was several or even many times that 
of the healthy group. In diabetes, accordingly, the postprandial phase of lipemia 
is prolonged and the percentage increase over the initial, also elevated, level is 
large. The cholesterol analyses in each fat tolerance test gave no indication of 
the postprandial lipemia which the quantitative analyses of the serum fatty 
acids disclosed. The sugar level of the blood likewise had no correlation with 
the rise of the serum fatty acids. 

The quantitative spectrophotometric method for the analysis of the serum 
esterified fatty acids provides a convenient clinical facility for the estimation 
of this important and labile fraction of the blood lipids in health and disease. 


60. A COMPARISON OF THE ANTICOAGULANT PROPERTIES OF A 
POLYHEXURONIC ACID ESTER WITH SODIUM HEPARIN 


JOHN 8. HirscusBorck, M.D., anp F. W. Mapison, M.D., MILWAUKEE, WIs. 


A polyhexuronie acid ester (RO 2-3053), recently found to have an anti- 
coagulant effect in rabbits similar to heparin, was given intravenously and in- 
tramuscularly to a group of patients with cardiovascular disease at Milwaukee 
County Hospital. RO 2-3053 was administered one or two days after a sodium 
heparin tolerance test had been performed on the same patient. 

Intravenous injection of RO 2-3053 in doses of 150 mg. prolonged the Lee 
and White coagulation times to approximately the same extent that 50 mg. of 
sodium heparin had prolonged the time during the sodium heparin tolerance 
test. The mean Lee and White coagulation times for fourteen patients given 
150 mg. of RO 2-3053 and 50 mg. of sodium heparin intravenously are tabulated 
below: 


CONTROL 15 MIN. 60 MIN. 120 MIN. 240 MIN. 
Na Heparin 11.8 76.6 56.6 29.3 15.8 
50 mg. I.V. 
RO 2-3053 11.6 59.3 44.7 31.5 16.1 


150 mg. LV. 


The maximum prolongation of the coagulation times, using 150 mg. of 
RO 2-3053, occurred between fifteen and thirty minutes after intravenous in- 
jection. The longest time was 105 minutes. The shortest time was 42 minutes. 

When intramuscular injections of RO 2-3053 were used, prolongation of 
the coagulation time beyond thirty-five minutes did not occur unless the dose 
was at least 500 milligrams. 

No toxie manifestations attributable to the drug were observed in any of 
the patients. 
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61. LONG-TERM THERAPEUTIC REGIMES WITH ACTH AND 
CORTISONE IN CHRONIC NONENDOCRINE DYSCRASIAS AND 
THE CONTROL OF “SIDE REACTIONS” BY INTERMITTENT 
AND ALTERNATE LOW DOSAGE WITH THESE 
PHARMACEUTICALS 


C. L. Spurr, M.D., O. D. Horrman, M.D., Po.D. (By Invitation), D. G. Bower, 
M.S. (By Invitation), AND M. J. Pankey, B.S. (By Invitation), 
Houston, TEXas 


ACTH and cortisone have been studied in the treatment of dermato- 
myositis, rheumatoid arthritis, related collagen diseases, and postinfectious 
arthritis. The following regime has been developed on the premise that their 
action is not directly curative but via maintenance of water and electrolyte 
equilibria of the involved cells and that long-term maintenance of artificial 
control might result in permanent arrest of the disease. 

Studies made preliminary to and as guide to therapy include bacteriologic 
survey, hematologic survey, endocrine survey ; serum electrolytes; urine Ca, P, 
freezing point depressions; serum uric acid; creatinine; water distribution 
(including total body specific gravity). Survey of carbohydrate tolerances are 
of special interest. An intravenous glucose-insulin tolerance test has been 
devised as an attempt to remove the uncertainties of gastrointestinal tract ab- 
sorption and to inerease the interpretability of the insulin tolerance test, i.e., 
constant intravenous administration of 214 per cent glucose containing 12 U. 
regular insulin/L., 2 L./3 hours (or 2 U./L./Kg. ideal body weight). 

Treatment was administered in four periods (ten to eighteen days each) : 
(1) appropriate antibiotics; (2) ACTH ( 10 to 20 mg. daily, b.i.d.) ; (8) eorti- 
sone (6, 12, 25, 50 mg. daily, b.id.); (4) ACTH plus cortisone. Rotation of 
therapy (2) (3) (4) continues in progress (eight months). 

Serial insulin tolerance studies reveal increased resistance on ACTH, e.g., 
after nineteen days of treatment blood sugar levels at 30 and 45 minutes were 

3 and 44 mg. per cent respectively ; after sixty-three days of treatment 51, 47 
mg. per cent respectively; off treatment five days, 36, 36 mg. per cent; seven 
days later 49, 44 mg. per cent respectively. Intravenous glucose-insulin toler- 
ances are confirmatory. Post-ACTH insulin resistance is counteracted by 
cortisone in small doses, only if the pre-existing functional state of the adrenal 
is normal (e.g. similarly studied panhypopituitarism). On cortisone (by intra- 
venous glucose-insulin tolerance) a peak rise at 45 minutes to 101 mg. per cent 
shifted to 124 on ACTH plus cortisone; while daily fasting blood sugar levels 
shifted from 84, 88, 92 to 101, 97, 98, and 104 mg. per cent. By intravenous 
glucose tolerance, fasting levels (189 mg. per cent at 2 minutes) may not be 
regained in 150 minutes on ACTH; sixteen days after cortisone (252 mg. per 
cent at 2 minutes) fasting level regained in 90 to 120 minutes. Simultaneous 
blood phosphorus suggests no induced metabolic change. Peripheral blood and 
bone marrow studies remain normal. 


62. OBSERVATIONS IN ARGYRIA 
Raymonp F. Houpen, Jr., M.D., St. Louts, Mo. 


Although instances of argyria resulting from medication with silver com- 
pounds are becoming increasingly rare, some continued interest attaches to 
case-finding among industrial workers who handle silver salts. Clinical detec- 
tion of silver deposition has been limited chiefly to inspection of the skin, 
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mucous membranes, and eyes (argyrosis), although quantitative spectro 
graphic analyses of body fluids and excreta in a few cases of argyria were re- 
corded by Blumberg and Carey (1934). 

In an attempt to find a simple objective means of demonstrating changes 
due to silver deposition, two men with industrial argyria resulting from the 
handling of soluble silver salts were studied. A decreased reflectance of fil- 
tered ultraviolet light from the skin and eye surfaces was observed in these 
cases, as compared with control subjects. This effect could be recorded photo- 
graphically (Kodachrome) and was more prominent than the corresponding 
surface changes demonstrable by ordinary color photography. 

Since silver deposition in the heart and pericardium was a prominent fea- 
ture in the classical case of advanced argyria described by Gettler, Rhoads, 
and Weiss (1927), a search was made for possible electrocardiographie changes 
in the two industrial cases and in five cases of postmedication argyria. No 
definite abnormalities were found, although all of the electrocardiograms 
showed below-average voltages, with maximal QRS excursions of less than 6 
mm. in two cases. 

These results suggest that examination under ultraviolet light may be use- 
ful in the detection of early argyria, while the occurrence of electrocardio- 
graphie changes in argyria remains doubtful. 


63. EFFECTS OF PROTOVERATRINE ON THE CIRCULATION IN 
WY PERTENSION 


S. W. Hoosier, M.D., anp R. W. Corey, M.D. (By Inviration), 
ANN Arbor, MICH. 


Protoveratrine, a purified alkaloid derived from Veratrum album, has been 
demonstrated by Meilman and Krayer to possess a depressor and ecardio-decel- 
erator action in hypertension (Circulation 1: 204, 1950). The present study 
confirms and extends these observations. Parenteral administration was not 
associated with nausea or vomiting and temporary reduction of the blood pres- 
sure could usually be produced by doses of 1.4 mg. per kilogram intravenously. 

The drug produced moderate vasodilatation in the vascular bed of the foot 
and forearm as measured by the plethysmographic technique in seventeen 
hypertensive subjects. There was no consistent change in the renal circula- 
tion as measured by para-amino hippurate clearance in ten patients although 
oliguria was commonly observed. Effects on cardiac output and total periph- 
eral resistance were variable, as determined in seven hypertensive patients by 
the direct Fick technique. In two patients with marked reductions in blood 
pressure, cardiac output increased and total peripheral resistance declined. In 
the remainder no change or a slight decrease in these indices occurred. 

When dosage is carefully controlled, Protoveratrine would appear to have 
considerable promise as a pharmacologic tool in the study of essential hyper- 
tension, since its use is not attended by the gastrointestinal side effects so often 
seen in the use of cruder Veratrum preparations. 
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64. PROPHYLAXIS OF ACUTE RHEUMATIC FEVER BY TREATMENT 
OF THE PRECEDING STREPTOCOCCAL INFECTION WITH 
VARIOUS AMOUNTS OF PENICILLIN 


HiaroLp B. Houser, Capt. M.C., AUS (By Inviration), Francis E. WARREN 

AiR BasE, Wyo., LEwis W. WANNAMAKER, Capt. M.C., AUS (By Invitation), 

Boston, Mass., CHARLES H. RAMMELKAMP, M.D., CLEVELAND, On10, FLoyp W. 

Denny, Capt. M.C., AUS (By Invitation), FRANCIS E. WARREN AIR BASE, WyoO., 

WILLIAM R. Brink, Capt. M.C., AUS (By Invitation), Rocuester, MINN., 

EpwarD O. Haun, Capt. M.C., AUS (By Inviration), Francis E. WARREN AIR 
Base, Wy0., AND JOHN H. DinGir, M.D., CLEVELAND, OHIO 


Acute rheumatic fever is usually associated with an elevated antistrep- 
tolysin titer. Since therapy of acute streptococcal infections with penicillin 
inhibits the production of streptococcal antibodies, the effect of such therapy 
on the incidence of acute rheumatic fever was investigated. A total of 2,340 
consecutive patients with exudative tonsillitis were divided into 1,178 patients 
who received treatment while 1,162 served as controls. There were three treat- 
ment schedules employed using procaine penicillin G in oil containing 2 per 
cent aluminum monostearate. 

Schedule I consisted of 300,000 units of penicillin on admission, 300,000 
units at forty-eight hours, and 600,000 units at ninety-six hours. Schedule II 
employed 300,000 units on admission with 300,000 units at seventy-two hours. 
In Schedule III a single injection of 600,000 units on admission was adminis- 
tered. 

In the control group twenty-eight cases of definite and seven cases of pos- 
sible rheumatic fever developed within forty-five days after the observed at- 
tack of exudative tonsillitis or pharyngitis. Two cases of definite and three 
of possible rheumatic fever occurred in the treated group. The ratio of rheu- 
matie fever between the treated and control groups was similar in each sched- 
ule. However, poststreptococeal joint symptoms without other signs of rheu- 
matic fever occurred with equal frequency in the treated and control groups 
of Schedules II and III, while the treated patients in Schedule I showed a 
much lower incidence of these symptoms than the control group. 

Although all three treatment schedules were effective in eradicating the 
streptococeal carrier state and in inhibiting antistreptolysin “O,” Schedule | 
was more effective than Schedules II and III. ” 

It is coneluded that penicillin treatment of acute streptococcal tonsillitis 
lowers the incidence of rheumatic fever following this infection. 





65. SIMULTANEOUS MEASUREMENT OF VASCULAR VOLUMES, 
“THIOCYANATE SPACE,” AND “TOTAL BODY WATER” BEFORE 
AND AFTER THE REMOVAL OF EDEMA 


W. W. Hurst, M.D. (By Invitation), ANp F. R. ScuemM, M.D., 
Great Fats, Monv. 


Simultaneous compartmental volumes were measured initially in patients 
with edema, using Evans blue dye, sodium thiocyanate, and antipyrine or 
deuterium oxide. These were repeated after edema was lost. Data were ob- 
tained in thirty-four “before and after” periods of observation in twenty-eight 
patients. In thirty of the periods there was weight loss (1.6 to 24.2 kilograms), 
and in four there was weight gain (0.4 to 6.6 kilograms). Duration of the 
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periods averaged eleven days (four to twenty-eight days). Seven of the pa- 
tients had rheumatic valvular heart disease, eighty-one had arteriosclerotic 
heart disease, two had chronic nephritis with azotemia, and one had cor 
pulmonale. 

In the thirty periods, the average weight (edema) loss was 9.48 kilograms. 
The average blood volume initially was 6.94 L. (4.63 to 11.10 L.), and finally 
6.06 L. (3.75 to 8.95 L.). Blood volumes fell in twenty-three periods (0.02 to 
2.1 L.), and rose in seven (0.04 to 0.62 L.). The average plasma volume 
initially was 3.74 L. (2.72 to 5.69 L.), and finally 5.10 L. (1.86 to 4.54 L.). 
Plasma volumes fell in twenty-seven periods (0.02 to 2.10 L.), and rose in ti 2 
(0.01 to 0.52 I..). The hematocrit rose in nineteen periods (1 to 12 mm.), fell in 
nine (1 to 6 mm.), and was unchanged in two. Despite this, there was a fall 
in red cell volume in twenty (0.03 to 2.10 L.), and a rise in ten (0.01 to 0.85 L.). 
The average initial “thiocyanate space” was 29.09 L. (17.5 to 66.7 L.), or 39.7 
per cent body weight, and 21.35 L. (15.4 to 34.5 L.) finally, or 33.5 per cent 
body weight. This volume fell in twenty-seven (0.5 to 20.6 L.), and rose in 
three (1.33 to 1.78 lL.) periods. Antipyrine “total body water” was measured 
in twenty-nine of the thirty periods. Initially it averaged 41.94 L. (29.7 to 58.2 
L.), and finally 35.54 L. (24.1 to 56.4 L.). The average initial value repre- 
sented 57.23 per cent body weight (46.1 to 82 per cent), and finally 55.7 per 
cent (37.5 to 71.1 per cent). This volume fell in twenty-five periods (0.90 to 
19.3 L.), and rose in four (0.10 to 3.30 L.). In the remaining period deuterium 
oxide alone was used, with a loss of 9.3 L. as opposed to a weight loss of 15.2 
kilograms. In nine of the periods the “total body water” was measured simul- 
taneously by both antipyrine and deuterium oxide. The latter consistently 
gave larger volumes, yielding a deuterium oxide-antipyrine ratio of 1.156 
initially, and 1.161 finally, with a mean of 1.148. 

In the four periods of edema increase the average weight gain was 3.8 
kilograms (0.4 to 6.6 kilograms). Blood volumes also rose in two (1.23 and 2.30 
L.), and fell in two (0.10 and 0.25 L.). Plasma volumes also rose in two (1.08 
and 2.12 L.), and fell in two (0.28 and 0.41 L.). The hematocrit fell in the 
two with blood and plasma volume increase, and rose in two. The “thiocyanate 
space” increased in all (4.5 to 9.5 L.), and the “total body water” also rose in 
all (0.9 to 7.5 L.). 

No significant difference in behavior of blood volume, plasma volume, or 
red cell volume was noted between the group with rheumatic heart disease and 
that with arteriosclerotic heart disease as compensation was restored. 









66. IMPROVEMENT OF PULMONARY FUNCTION FOLLOWING THE 
ADMINISTRATION OF ADRENOCORTICOTROPHIC HORMONE 
(ACTH) IN CHRONIC BERYLLIUM POISONING 


Scort R. INKuEy, M.D. (By Invitation), Epwarp M. Kung, M.D., AND 
Wa ter H. Pritcuarp, M.D., CLEVELAND, OHIO 


Certain clinical and laboratory effects of ACTH administration on three 
patients with chronic beryllium poisoning were evaluated. The duration of 
disease in these patients varied from two to five years. Exposure to bery!lium 
containing phosphors had varied from thirty-two days to nine years. ‘The 
clinical features exhibited by these patients were similar to the chronic form 
of beryllium poisoning occurring in industries using this element. Although 
the principal manifestation of the illness was pulmonary, constitutional symp- 
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toms of weakness and weight loss were conspicuous. Pretreatment adrenal 
response to ACTH stimulation was studied by eosinophile counts and 17- 
ketosteroid excretion. 

Initial treatment with 100 mg. of ACTH daily was followed by a prompt 
decrease in cough, dyspnea; and fatigue, accompanied by gain in weight. The 
dose was gradually reduced to a maintenance level of 25 mg. daily given in 
two equal doses for a period of approximately three months. On this schedule 
the remission, although well sustained, was less striking than the initial re- 
sponse. 

Before treatment, studies of pulmonary function were markedly reduced. 
Following therapy there was an increase in maximal breathing capacity over 
the pretreatment levels ranging from 16 per cent to 74 per cent, with an in- 
crease in vital capacity from 24 per cent to 48 per cent. In one patient with 
marked reduction in arterial oxygen saturation, there was an increase from 
73 per cent to 87 per cent. These studies offer objective evidence that ACTH 
treatment enhanced the oxygen interchange and improved mechanical ventila- 
tory capacity. 

The x-ray examinations in all patients showed the diffase granular infiltra- 
tion characteristic of this disease. Whereas x-rays showed slight improvement 
in all cases, this was less pronounced than would have been anticipated from 
the results of the respiratory studies. 

Total twenty-four hour urinary excretion of Be was determined spectro- 
graphically before and during the treatment period at varying intervals. In 
two individuals the twenty-four hour urinary excretion was constant and in 
one excretion was reduced. 

These preliminary observations suggest that the prompt improvement of 
pulmonary symptoms and function following ACTH administration in chronic 
beryllium poisoning may be explained by a reduction of edema and cellular 
infiltration in the lung parenchyma. 


67. MYCOMYCIN: A NEW ANTIBIOTIC WITH TUBERCULOSTATIC 
PROPERTIES 


DANIEL E. JENKINS, M.D., Houston, Texas 
(INTRODUCED BY JAMES A. GREENE, M.D.) 


Mycomyein, which was first isolated by Dr. Edwin A. Johnson of Baylor 
University College of Medicine in 1946, is a complex organic acid of low molec- 
ular weight. It has been so named because of its inhibiting effect upon the 
growth of Mycobacteria and certain mycebated microorganisms. Because of 
the fact that it gives a typical ultraviolet absorption curve, the peak of which 
can be plotted against the biologic assay units with a resulting standard curve, 
this latter curve is now used as the reference standard for all unitage deter- 
minations. 

The antibiotic spectrum of mycomycin in vitro embraces a somewhat 
limited group of gram-positive and gram-negative bacteria, as well as a few of 
the fungi. It is highly active against all of the Mycobacteria thus far tested, 
including many freshly isolated strains of both human and bovine varieties 
taken from patient as well as animal sources. Mycobacteria which demonstrate 
high degrees of in vitro resistance to streptomycin and to neomycin are equally 
as sensitive to mycomycin as are the streptomycin- and neomycin-sensitive 
strains of the same microorganisms. 

Mycomycin is, at its present stage of development, rather unstable in con- 
centrations in the range of 10,000 to 40,000 ultraviolet assay units per milliliter. 
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In concentrations of 200 to 400 U.V. units per milliliter, it remains relatively 
stable in phosphate buffer and in certain culture media for three to four weeks 
at 37° C. Ineubation with 100 per cent human serum produces very little in- 
activation prior to sixteen hours, but breakdown is complete by thirty-two 
hours. Lesser concentrations of serum require longe r periods of time to pro- 
duce inactivation. 

The treatment with mycomycin of established tuberculous infection in mice 
has been successfully accomplished by other investigators. Extensive work 
with both toxicity and the treatment of tuberculosis in guinea pigs with myco- 
mycin is under way and will be reported upon in some detail. 


68. THE SPEED OF THE PULSE WAVE IN COARCTATION 
OF THE AORTA 


CarL A. JoHnson, M.D., Cuicaco, IL. 


The speed of the pulse wave has been measured from the heart to the 
elbow and knee, and from the elbow to the wrist, and from the knee to the 
ankle in four patients with coarctation of the aorta. Results of these studies 
are compared with similar studies in normal subjects and in patients with hy- 
pertensive cardiovascular disease. 

These studies were made by means of a new device which when attached 
to the pulse recorder of the standard string galvanometer makes it possible to 
obtain simultaneous records of the electrocé se eg and the peripheral pulse 
wave anywhere in the extremities, the head, and the neck. 

The following procedure was used. Three standard limb leads were taken 
to determine the lead in which the peak of the R wave would be most satis- 
factory as a point of reference. Simultaneous records of the electrocardiogram 
and the pulse waves were taken from above the elbow using the lead chosen as 
already mentioned. Similar records were taken at the wrist, above the knee, 
and at the ankle. Measurements in distance in inches were then made between 
the site of application of the cuffs of the pick-up mechanism of the equipment 
for measuring the pulse wave between the elbow and the wrist, and between 
the knee and ankle. Measurements from the records obtained were then made 
of the time lapsed from the peak of the R wave to the beginning of the up- 
stroke of the pulse wave above the elbow, at the wrist, above the knee, and at 
the ankle. From these figures one determines the speed of the pulse wave 
from the heart to the various sites mentioned. From these figures one can 
compute the speed of the pulse wave. 

This procedure requires no cannulization and causes no pain or distress 
to the patient and the records can be made from all four extremities in about 
fifteen minutes. 

In patients with coarctation of the aorta there is a lag in the speed of the 
pulse wave from the heart to the knee. The results of these studies indicate 
that it may be possible to estimate the degree of coarctation in patients with 
this condition. (The methods as well as the results of these studies will be 
presented in detail by means of lantern slides.) 
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69. DRAMATIC RESPIRATORY SYMPTOMS INDUCED BY 
SUDDEN WITHDRAWAL OF ACTH 


Rospert W. Kreron, M.D., Witu1am R. Best, M.D. (By Inviration), Forp K. 
Hick, M.D., M. M. Montcomery, M.D. (By Invitation), AND 
Max SamTer, M.D. (By Invitation), Cuicago, ILL. 


Two patients, one with pulmonary fibrosis, the other with emphysema, 
were treated with adrenocorticotrophic hormone, ACTH (corticotropin, Wilson 
—20 mg. t.i.d.) for periods of three months and six weeks respectively. Both 
patients had marked impairment of respiratory function and a moderate cor 
pulmonale. Both patients had an enlarged liver but liver function tests were 
within normal limits. Administration of ACTH produced marked improvement 
of respiratory function in the first patient and slight improvement in the other 
without significant roentgenologic changes in either. 

Abrupt withdrawal of the hormone caused severe dyspnea, tachycardia, 
and extreme weakness in both patients beginning forty-eight hours after medi- 
cation had been discontinued and progressing to a state at which the senior 
clinician considered their condition critical. The changes failed to respond to 
administration of oxygen and digitoxin; aminophylline gave transitory relief. 
The symptoms began to disappear within twelve hours after readministration 
of ACTH. It is felt that they were caused by an induced hypopituitarism 
becoming manifest after withdrawal of ACTH. 

(Movie in color of the change in respiratory function during the period of 
withdrawal and after readministration of ACTH: three minutes. ) 


70. SOME EFFECTS OF CORTISONE ON THE METABOLIC 
DISTURBANCE ASSOCIATED WITH GLOMERULONEPHRITIS 
. WITH EDEMA 


NorMAN M. Kerru, M.D., MarscHeLLe H. Power, Pu.D., Guy W. DAuGHERTY, 
M.D. (By Invitation), AND Happow M. Kerrn, M.D. (By Invrration), 
ROCHESTER, MINN. 


The metabolism of six patients who had glomerulonephritis and edema was 
studied. The method employed included estimations of the intake and output 
of certain substances and their concentration in the blood serum or plasma. In 
three patients, total balance studies were made. 

During the initial control period, the metabolic alterations in this disease 
were numerous and striking. They included disturbances in nitrogen, protein, 
fat, potassium, sodium, chloride, calcium, and phosphate metabolism. 

With the administration of cortisone acetate, there was initially an in- 
crease in the excretion of urinary protein, but at the same time a decrease in the 
renal output of water, chloride, sodium, and, in some instances, potassium and 
phosphate. Later, in some eases, there followed an increased excretion of 
water, chloride, sodium, and potassium, but a decrease in the excretion of 
protein. 

It was of interest that potassium metabolism was not always altered in the 
Same manner by cortisone. In one case, a rise in concentration of potassium in 
the plasma was accompanied by an increased excretion in the urine. In an- 
other case, a fall in the plasma concentration of potassium occurred when there 
was a decreased excretion in the urine. Such results reveal the complicated 
role of potassium in nephritis with edema. 
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The excretion of calcium in the urine was unusually small. In one patient 
who showed a decided improvement both from a clinical and chemical point of 
view after the administration of cortisone, there was a steady rise in the eal- 
cium concentration in the plasma and a concomitant increase in urinary excre- 
tion. 

These studies indicate that cortisone acetate causes widespread and varied 
metabolic changes in nephritis with edema. It appears to alter both the gen- 
eral cellular metabolism as well as that of the renal cell. Cortisone has already 
clarified some obscure problems of nephritic edema and in addition proved of 
therapeutic value in initiating a recession of the disease. 


71. STUDIES OF RENAL FUNCTION IN PATIENTS RECEIVING 
ADRENOCORTICOTROPHIC HORMONE AND CORTISONE 


AARON B. Kenprick, Pu.D. (By Invitation), JAMES A. SCHOENBERGER, M.D. 
(By INnviTaTION), JOSEPHINE M. Dyniewicz, Pu.C. (By Invitation), LUKE J. 
GRIMELLI, M.D. (By Invitation), AND Rogert W. Keeton, M.D., Cuicaco, ILL. 


In nine patients with various diseases the renal threshold for glucose, 
inulin clearance, and maximal tubular reabsorption of glucose were determined 
both before and during therapy with adrenocorticotrophic hormone or corti- 
sone. Analysis of the data from the entire group revealed a small but sig- 
nificant rise in inulin clearance. Maximal tubular reabsorption of glucose and 
renal threshold were not significantly altered. The ratio of inulin clearance 
to maximal tubular reabsorption of glucose rose significantly. 

In one individual only, a profound drop in renal threshold was observed 
during two courses of therapy with ACTH. This was accompanied by mild 
glycosuria and the development of an impaired glucose tolerance, but the 
changes in renal function under the conditions of their determination (high 
blood glucose level) seemed insufficient to account for the lowered threshold. 
The possibility of a greater depression in tubular reabsorption of glucose at 
lower blood sugar levels must be considered. In a second case with pre-exist- 
ing diabetes, glycosuria was greatly augmented by ACTH. An elevation of 
the blood sugar adequately explained the increased glycosuria. In each of 
these cases showing glycosuria only moderate changes in renal function favor- 
ing the development of glycosuria, namely, an increased inulin clearance and 
a reduced tubular reabsorption, were found. A third case developed similar 
changes in renal function without glycosuria. The other seven patients, includ- 
ing One with diabetes, who received cortisone did not develop glycosuria during 
treatment and showed no consistent changes in renal function favoring glyco- 
suria other than the small increase in inulin clearance. Some evidence was 
obtained that both the dose and duration of treatment are factors in the de- 
gree of change in renal function. In addition, a factor of individual suscepti- 
bility was apparent in the response of tubular reabsorption of glucose to these 
drugs. 


72. THE PRESENCE OF CARBONIC ANHYDRASE IN THE MEDIA 
OF THE HUMAN AORTA 


JOHN Espen Kirk, M.D., AND PER From Hansen, M.D., St. Louts, Mo. 


For the study of the presence of carbonic anhydrase in the media of the 
human aorta fresh aortic specimens were obtained. It proved possible with 
special precautions to prepare the media practically free from blood (blood 
content 0.01 to 0.1 per cent). 
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The aortic media was ground with saline in a Pyrex grinder and the homo- 
genate centrifuged. For the enzymatic studies the supernatant fluid was used. 
The rate of hydration of carbon dioxide was determined colorimetrically by 
the method of Trethewie and Day (Australian J. Exper. Biol. & M. Sc. 27: 429, 
1949), whereas the dehydration velocity of carbonic acid was measured mano- 
metrically by the procedure of Brinkman, Margaria, and Roughton (Phil. Trans- 
actions of the Royal Society of London, ser. A 282: 65, 1933-34), using reagents 
of the composition as stated by Leiner (Ztschr. f. vergl. Physiol. 26: 416, 1938- 
39). Samples of laked blood corpuscles in various dilutions obtained at au- 
topsy from the same individual were simultaneously assayed for carbonic 
anhydrase. 

Both procedures revealed carbonic anhydrase activity, which was defi- 
nitely higher than corresponding to the blood content of the examined media 
samples, the latter being estimated by a sensitive benzidine method. As ex- 
pected, both the hydration of carbon dioxide and the dehydration of carbonic 
acid were markedly inhibited by sulfanilamide (in 0.5 mM concentration). 

The observed carbonice anhydrase activity of six different samples of aortic 
media ranged between 1/200 and 1/600 of that of a corresponding weight of 
red blood eells. 


73. THE ACTH-LIKE EFFECT OF FEVER IN MAN 


WacteR M. KirKENDALL, M.D. (By Invitation), Ropert E. Hopces, M.D. 
(By INVITATION), AND Lewis E. JANuary, M.D., Iowa Crry, Iowa 


Investigations of the effects of a pyrogenic agent on malignant hyperten- 
sion disclosed a marked drop in circulating eosinophiles which regularly oc- 
curred four to eight hours following injection of the pyrogen. This phenomenon 
has been reported previously only in three persons who received typhoid vac- 
cine but has been observed in animals after fever induced by various means. 
Since eosinopenia occurs after the administration of adrenocorticotropie hor- 
mone, ACTH, our observation suggested that fever-producing agents might 
stimulate production of endogenous ACTH. 

Fever was induced by Pyromen, typhoid vaccine, and fever cabinet in 
twenty-seven human subjects with hypertension and other diseases but normal 
adrenal and pituitary glands. The circulating eosinophile count, total leuco- 
cyte count, polymorphonuclear/mononuclear ratio, and urie acid/creatinine 
ratio were determined in all subjects and excretion of corticosteroids was de- 
termined in five of them. 

In response to fever so induced there is initially a leucopenia, chiefly of 
the mononuclear cells. Eosinopenia follows three to eight hours after the fever 
begins or a chill occurs. In four to twelve hours a marked leucocytosis occurs 
mainly from an increase in polymorphonuclear cells. Finally in twelve to 
twenty-four hours the circulating eosinophiles rise to or above control levels. 
Administration of therapeutic doses of an antihistaminic drug, aspirin, and 
Dibenamine did not prevent these changes. No significant increase of the uric 
acid/creatinine ratio followed any of the three types of fever, nor did corti- 
costeroid excretion increase. 

It is concluded that the blood leucocyte response following fever by these 
means is almost precisely that seen after the administration of ACTH. In this 
study the urie acid/creatinine ratio and corticosteroid excretion were not signifi- 
cantly altered as expected if the leucocyte response to fever reflected liberation 
of adrenocorticotropie hormone. The possibility exists however that the stress, 
acting over a relatively short time, might have been sufficient to alter the blood 
picture but not the excretion of uric acid, creatinine, or corticosteroids. We 
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conclude that in persons with normal pituitary glands fever causes the release 
of small amounts of ACTH. Additional evidence is necessary to prove this 
point. 


74. ACTH AND CORTISONE IN CHRONIC ULCERATIVE COLITIS: 
A COMPARISON OF CLINICAL EFFECTS 


JosEPH B. Kirsner, M.D., Waurer L. PALMER, M.D., AND 
ARTHUR P. Kiotrz, M.D. (By Inxviration), Cuicaco, IL. 


The effects of adrenocorticotrophic hormone (ACTH) and cortisone have 
been studied in sixteen patients with chronie ulcerative colitis. Eleven pa- 
tients received ACTH only; the initial clinical response may be characterized 
as good in seven, satisfactory in two, and minimal to absent in two. The im- 
provement thus far has been sustained after discontinuance of treatment in 
four patients. Symptoms recurred in five patients; three patients received a 
second course of ACTH with improvement. 

In two of five patients given cortisone, there was definite although gradual 
improvement. One patient did not respond significantly although the symp- 
toms previously had been ameliorated by ACTH. In a fourth patient the re- 
sponse to cortisone likewise was much less definite than that subsequently in- 
duced by ACTH. The fifth patient improved markedly during the daily oral 
intake of approximately 300 mg. of cortisone; however, a subsequent recurrence 
was not controlled by either 500 mg. of cortisone by mouth or 300 mg. intra- 
muscularly daily; ACTH later induced prompt clinical improvement. 

The proctoscopic appearance of the rectal mucosa did not correlate con- 
sistently with the clinical status although the evidences of active disease 
usually subsided in those patients with the greatest improvement. 

The eosinophile response and the changes in urinary and fecal nitrogen 
and in uropepsin excretion were less pronounced and more erratic during corti- 
sone therapy than with ACTH. 

Control injections of distilled water or isotonic saline solution had no in- 
fluence upon the disease, and thus seemed to exclude the possibility of psycho- 
therapeutic effect. To date, ACTH and cortisone appear to be useful adjuncts 
in the management of ulcerative colitis. The clinical response has not exceeded 
that observed previously without these substances, but it appeared to be more 
rapid and oceasionally dramatic. In the present small series of patients the 
beneficial effects induced by ACTH surpassed those of cortisone. 


75. USE OF CYTOLOGIC METHODS IN THE DETECTION OF 
CARCINOMA OF THE COLON 


Donatp D. Kozo, M.D., anp JaMEs W. Henry, M.D. (By Invitation), 
EVANSTON, ILL. 


It is now recognized that carcinoma of the colon offers one of the best cure 
‘rates among malignant lesions. It is also true that this neoplasm exfoliates 
long before it infiltrates or ulcerates. The earlier detection, therefore, of these 
exfoliating cells may lead to earlier diagnosis. Two methods were used in the 
course of proctoscopic examination of 220 patients in whom endoscopie¢ exami- 
nation was indicated. One consisted of swabbing mucosal surfaces exposed 
through the proctoscope, spreading the material thus obtained onto slides, 
with fixation and staining according to the method of Papanicolaou and Traut. 
A second method consisted of irrigating the colon through the proctoscope with 
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normal saline and aspirating with a suction tip. To each liter of enema return 
250 ¢.e. of a saturated aqueous picrie acid solution were immediately added; 
this was centrifuged, the sediment collected on gelatin sponges, processed as ¢ 
paraffin tissue block, and stained with hematoxylin and eosin. 

Initial evaluation of the two methods in our hands indicated the following 
advantages in favor of the saline enema. Cellular preparations were spread 
uniformly on the slide, appeared in one focal plane without overlap or distor- 
tion, and in histologie quality were equal if not superior to surgical biopsies 
obtained simultaneously. The concentration of cells obtained with the enema 
method represented a much larger segment of bowel surface, was more abun- 
dant, the cells tended to accumulate as aggregates which simulated an organoid 
pattern, and effected a great saving in the time required for microseopice study. 

Results.—The use of cytologic methods holds promise of yielding a higher 
incidence of correct diagnoses than any of the routine clinical methods now 
employed. In all but two instances of carcinoma of the colon in this series, a 
positive cytologic diagnosis was made; in both of these cases barium enema and 
proctoseopy also failed. However, there are several cited instances in which 
a positive cytologic diagnosis was made in the face of negative roentgenologic 
and/or endoscopic study; laparotomy confirmed the cytologic impression. 
There were no false positive reports. Study of patients with extramucosal 
lesions and after colon resection yielded negative results. Possibilities of use of 
this method as a screening test are discussed. 


76. THE DIAGNOSIS OF VENTRICULAR ANEURYSM. A STUDY OF 
CERTAIN CLINICAL AND DYNAMIC FEATURES 


Mitton LANDOWNE, M.D., Bautimore, Mp., AND ALBERT ID. Kistin, M.D. (By 
INVITATION), WASHINGTON, D. C. 


A concept of ventricular aneurysm is presented based upon correlated 
studies of eight male patients between the ages of 23 and 68 years. Four of 
these are considered to illustrate the concept, confirmed by operation in one. 
The remaining cases represent important differential diagnostic features. 
Major diagnostic conclusions are: 

(1) Every myocardial infarction establishes the dynamies of a ventricular 
aneurysm. There are other causes also, and infarction can occur without symp- 
toms. A history of infarction is thus a common, but not invariable, antecedent. 
(2) The elassical clinical features of forceful or double precordial pulsation 
associated with weak heart sounds are emphasized and illustrated by record- 
ings. (3) A thrill and accompanying murmur are described which character- 
istically begin during isometri¢ contraction. Lack of this early systolic timing 
does not exclude the diagnosis, and other vibratory phenomena may occur. 
(4) Abnormal roentgenoscopic motion of the ventricular wall, as recorded by 
electrokymography, typically begins and is maximal during isometric contrac- 
tion period. Tor proper interpretation, this activity should be related to the 
motion of adjacent normal ventricular wall. The customary method of viewing 
the heart from a fixed external point sometimes may fail to disclose a para- 
doxical motion, since the entire heart is moving. 

(5) Premature systoles (or other ventricular irregularity) may aid in pre- 
cise localization. When irregularly occurring beats are too weak to open the 
aortic semilunar valves, an aortic aneurysm will not be distended in systole, 
while a ventricular aneurysm will show pulsation. If the premature cardiac 
contraction produces only a weak aortic pulse, movements in an aortic aneu- 
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rysm will be correspondingly small. In either instance ventricular aneurysma| 
pulsation will be relatively greater and earlier than pulsation in the aorta or 
great vessels of the neck. 

(6) The value of angiocardiography in location and description of these 
lesions is stressed. The method is also useful in cases where filling of the aneu 
rysm with contrast material cannot be demonstrated. This does not necessarily 
indicate obliteration of its cavity, for the left ventricle may be poorly opacified, 
or communication with the aneurysm may be small. The relationships of other 
visualized vascular structures furnishes important evidence. (7) The degree 
of electrocardiographie abnormality which persists after infarction need not be 
related to aneurysmal size or disturbance in dynamics. Positional or other 
electrocardiographie changes said to be characteristic may be lacking. 


77. IN VITRO DIFFERENCES IN BEHAVIOR OF SICKLE CELL 
ANEMIA AND TRAIT ERYTHROCYTES PRODUCED BY 
VARIATIONS IN O, TENSION AND pli 


Ropert D. LANGE, M.D. (By Invitation), VircintA Minnicu, M.S. (By 
INVITATION), AND CARL V. Moore, M.D., Sv. Louris, Mo. 


This study was undertaken in an attempt to explain why red cells from 
patients with the two forms of sickle cell disease behave so differently in the 
body as to cause a severe hemolytic anemia in one instance and none at all in 
the other. Previous work suggests that oxygen tension found in tissues is low 
enough to permit sickling of sickle cell anemia erythrocytes, but not low 
enough to cause sickling of trait cells. To test this hypothesis, the effect of 
both oxygen tension and pH was determined on the sickling and mechanical 
fragility of anemia and trait erythrocytes. 

Blood samples were rotated for ninety minutes in 50 ¢.c. flasks containing 
ten glass beads. During the rotation, a mixture of O,-N. or of O,-CO.-N, 
was permitted to flow through the flasks (0 to 20 per cent O,). The gas mix- 
tures were prepared in tanks of 2,200 cu. ft. capacity and were used throughout 
the study. The following observations were made. 

1. The hemolysis produced by mechanical trauma of both types of red cells 
increased as the percentage of sickling increased. 

2. With O.—N, mixtures, difference in behavior of the two types of sickle 
cells was difficult to demonstrate. Increases in sickling usually occurred in 
anemia cells exposed to 2 per cent O, and in trait cells exposed to 100 per cent 
N.. 

3. To compensate for pH rise with O.-N., the experiments were repeated 
with similar oxygen percentages but with 10 per cent CO, added. Under these 
conditions, increase in both sickling and mechanical fragility of anemia cells 
began at oxygen levels of 4 or 6 per cent; the increase did not begin for trait 
cells until oxygen was reduced to 2 per cent. 

4. In separate experiments, the pH was varied by buffers; the cells were 
exposed to 2 per cent O, (plus N,). Fifty per cent of anemia cells sickled at 
pH 7.25 + 2; for trait cells, comparable sickling occurred at pH 6.9 + 2. 

These results demonstrate (1) that both pH and O, tension are important 
factors in regulating degree of sickling and (2) that trait erythrocytes are more 
resistant to decreases in both these factors. The differences in behavior may 
be sufficient to explain the absence of anemia in sickle cell trait. 


(To be concluded in the December issue.) 




















PERGASTRIC INTESTINAL PERFUSION FOR UREMIA 


LIONEL BERNSTEIN, M.D., Poitie B. O’NetLi, M.D., ArtHur BERNSTEIN, M.D., 
AND WILLIAM S. HorrMan, M.D., Px.D. 
CHICAGO, ILL. 


pect understanding of the clinical course and mechanism of lower 
nephron nephrosis has emphasized the reversible nature of this form of acute 
uremia. In chronic nephritis also, acute episodes of uremia induced by extrane- 
ous factors may develop at a time when the kidneys are still anatomically ade- 
quate to avoid uremia. If patients in both categories can be kept alive long 
enough to recover from the acute episode, the uremic symptoms may be miti- 
gated and the patients may recover—permanently in the case of lower nephron 
nephrosis, or temporarily in the case of chronic nephritis. Implicit in the 
recognition of these facts is the need in selected cases of uremia for an artificial 
means of excretion of some of the metabolic products which contribute to the 
development of uremia, so that the patient may be tided over the critical period. 

Among the schemes that have been utilized for vicarious excretion, the 
best known are the artificial kidney, peritoneal irrigation, and intestinal per- 
fusion. The relative merits and iaitaslicnan of the first two of these procedures 
have been discussed in a number of recent papers.'"° The use of the intestine 
as a dialyzing membrane is not so well known but it too has been investigated 
in the last few years with variable success.”'* The most promising scheme ap- 
pears to be that involving the use of a Miller-Abbott tube to perfuse the small 
intestine.* 1% This procedure has the advantage that it requires no surgical 
manipulation, no formidable apparatus, and probably no aseptie technique with 
sterile solutions. It involves no fear of peritonitis or thrombosis. 

Our method of pergastric perfusion developed as a modification of the 
Miller-Abbott technique during an effort to evaluate the latter scheme of intes- 
tinal perfusion. Experiments with perfusion with the use of the Miller-Abbott 
tube soon showed its disadvantages. In the first place, twenty-four or more 
hours were usually required for passage of the tube through the pylorus to the 
proper place in the ileum. Second, when the perfusing fluid was allowed to 
enter the jejunum through the proximal opening of the tube and suction was 
applied to the distal opening through the second lumen, a large portion of the 
perfusate continued flowing past the aspirating lumen to be expelled as a liquid 


stool. Third, the concentration of nonprotein nitrogen in the perfusate obtained 
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by suction was lower than that of the liquid stool. Accordingly it was believed 
that there was no advantage in using a Miller-Abbott tube and that perfusion 
through a tube in the stomach with collection of the perfusate from the rectum 
might be simpler and more efficacious. That either scheme had clinical possi- 
bilities was suggested by the fact that the first patient on whom the Miller- 
Abbott tube technique was utilized, in intermittent perfusion over a period of 
thirty-six hours, showed a loss of 18.1 Gm. of nonprotein nitrogen with a con- 
sequent drop in serum nonprotein nitrogen concentration from 310 to 235 mg. 
per 100 cubic centimeters. Subsequently this patient showed a further spon- 
taneous drop to 90 mg. per 100 cubic centimeters. In spite of the fact that she 
had been regarded as moribund when first treated, she was discharged to her 
home, alert and ambulatory. Unfortunately the patient returned in uremic 
coma five months later and died in spite of a second attempt at perfusion. 


The present studies, carried out on nine subjects of whom eight were semi- 
comatose uremic patients with chronic Bright’s disease and one was a patient 
with severe mercuric chloride poisoning with anuria, were undertaken to deter- 
mine quantitatively the potentialities of intestinal perfusion when the whole 
intestine was used as a dialyzing membrane. None of these patients was clinically 
regarded as having a reversible renal lesion, and the experimental studies were 
not undertaken for the purpose of passing judgment on the clinical value of the 
method. Rather the attempt was made to determine such factors as optimal 
speed of perfusion, maximal excretion of nitrogenous and other products, and 
the difficulties involved in the maintenance of water and electrolyte balance. 
Such data, it was believed, might aid in the final evaluation of the clinical results 
with this method in suitable cases, and might even indicate the direction of 
improvement required to make this a practicable method. 


METHOD 


The patient to be perfused was placed on a Bradford frame with head-end elevated. 
A double lumen tube was passed intranasally into the stomach. The perfusing fluid, which 
was prepared in an 18 liter carboy from a concentrated stock solution, was introduced under 
a pressure adequate to maintain the desired rate of flow (3 to 6 ft. of water). Suction 
was applied to the second lumen of the tube which was perforated 12 cm. proximal to the 
distal end. This suction at the cardia served to prevent overdistention of the stomach and 
vomiting. Usually vomiting did not occur and suction was not necessary. The perfusing 
fluid passed into the small intestine and after thirty to seventy-five minutes appeared as a 
liquid stool, the expulsion of wich was aided by the insertion of a rectal tube. The abdomen 
became distended during the perfusion. The diaphragm was probably higher than normal, 
but no pulmonary complications due to this effect were seen. 


The perfusing fluid consisted of a solution of sodium chloride, sodium bicarbonate, 
potassium chloride, magnesium chloride, and glucose. Each liter contained 147 (or 142) meq. 
sodium, 5 (or 10) meq. potassium, 3 meq. magnesium, 103 meq. chloride, 52 meq. bicarbonate, 
and 20 Gm. glucose. In the last seven experiments, the concentration of potassium was 10 
meq. per liter. In one perfusion, that of Subject 7, the concentration of glucose was 5 per 
cent in the first part of the procedure. 

Analyses were carried out on the perfusing fluid, on the liquid stool (which we have 
called the intestinal perfusate), on the fluid obtained by gastric suction (designated gastric 
perfusate), and on the serum. Nonprotein nitrogen, inorganic phosphate, chloride, and phenol 
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were determined in trichloroacetate filtrates of the perfusates or serum; creatinine was deter- 
mined in tungstate filtrates. Sodium, potassium, and calcium analyses of the perfusates were 
made on specimens ashed in platinum crucibles in the inuffie furnace. The methods for sodium, 
potassium, and nonprotein nitrogen were those described by Hoffman.14, 15,16 Phenol was 
determined by the method of Bernhart and Schneider17 and chloride by that of Schales and 
Schales.18 
RESULTS 

The chemical analyses of the serum before and after the perfusions are 
summarized in Table I; analyses of the recovered fluids are shown in Table II. 
In the case of Subject 1, perfusions were carried out on two occasions, the first 
consisting only of gastric perfusion. Two perfusions were also made on Subject 
2. Subjects 8 and 9 were perfused in their final coma, death having occurred 
while the perfusions were in progress. Subject 9 was the same patient on 
whom the successful preliminary perfusion with the Miller-Abbott technique 
had been carried out five months previously. 


TABLE II, CHEMICAL ANALYSES OF RECOVERED FLUIDS 
































FLUIDS RECOVERED | | CREAT- | | 
EXPERI- | VOLUME | NPN | ININE | NA | K cl INORG. P 
MENT TYPE | (1. ) | (MG. %) | (MG. %) | (MEQ./L. )| (MEQ./L. )| (MEQ./L.)| (MG. % ) 
la | Gastric 313 | 10 | 20 | 43 | #&3| 1084 0.1 
Ib | Gastric 18 5.0 | 10 | 14 #=| 53 | 104 | #=O1 
Intestinal 10 | 124 | 0.6 117 | 24.3 84 6.0 
Urine 1 | 260 | 85 62.7 | 28.9 116 17.0 
2a Gastric 18 68 | 08 | 151 | 5.3 | 111 | 03 
Intestinal 10 360 | 4.8 | 121 33.6 89 AES 
plus urine* | | 
2b ~=—«|:~ Gastric | = 0.9 | 153 59 | 10 | 02 
Intestinal 4 | 70.5 | 5.6 | 121 7.8 90 3.5 
plus urine* | 
3 ‘| Gastrie 5. 8.0 | 0.6 153 | ~ 20.0 | 121 78 
Intestinal 22 90.5 | Tes 129 i332 93 0.9 
Urine 0.2 350 | “EY f 37.0 | 28.5 26 14.8 
4 Gastric . a9 | 168 | i | 2S 113. | 05 
Intestinal PRs 67.6 1.4 133 19.9 103 Bes 
Urine 0 _ ~ - | - -- - 
5 Gastric a. a “3 ie 2 ee eee 
Intestinal 14 119 18 oa 26.2 
4 Urine 1.4 575 138 47.0 34.6 
6 Gastric --. | =e 0.5 144 | #100 | 103 | 
| Intestinal 20 97.5 2.4 142 16.2 98 
| Urine 0.07 600 98 44.0 27.9 35 
~ 7 | Gastric ei: ee 6 i 1225 | 81 | 94 | 03 
Intestinal 88 40 2.3 137 11.4 | 101 0.4 
Urine 0 - - -- - - - 
——g | Gastric . 2 | #080 | 412 | 105 | 106 | 130 | 0.3 
Intestinal 62 35 | 1.2 150 | 12.3 108 0.4 
Urine 0.19| 435 | 75 55.3 20.4 40 14.2 
“9g | Gastric a 3.0 | 1.2 105 9.87 86 Od 
Intestinal 26 123 1. 150 13.3 106 0.9 
Urine 0 - - - -- - - 
Mean _ Gastric © .? a | tari it 
concen- Intestinal 65.5 2.5 13.9t 0.9 
trations 

















*Patient 2 was irrational and repeatedly pulled out catheter. Hence, stool and urine 
specimens could not be collected separately. 
+Mean concentrations of Experiments 3 to 9 inclusive, in which perfusing fluid potassium 


concentration was 40 mg. per 100 cubic centimeters. 
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The concentration of nonprotein nitrogen in the gastric perfusate ranged 
from 0 to 17 mg. per 100 ¢.c., the average being 7.0 mg. per 100 cubic centimeters. 
Obviously gastric perfusion was of little value in removing nitrogenous sub- 
stances. On the other hand, the intestinal perfusate had concentrations of 
nonprotein nitrogen from 35 to 124 mg. per 100 ¢.c., the average being 66 mg. 
per 100 cubic centimeters. In general the concentration was proportional to 
the initial serum nonprotein nitrogen level, but was also inversely proportional 
to the speed of perfusion (Fig. 1). When the rate was as low as 1 liter per 
hour, the extraction ratio was 0.6. This ratio fell as the perfusion rate in- 
creased, but the fall was not rapid until the rate was higher than 2.5 liters per 
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; Fig. 1.—Relationship between rate of flow of intestinal perfusate and the ratio of 
intestinal perfusate nonprotein nitrogen concentration to that of the serum. The numbers are 
those of experimental subjects. 


hour. Consequently the maximal excretion rate for nitrogen was around 2 to 
2.5 liters per hour. This relationship could be seen more readily if the vicarious 
nitrogenous excretion was expressed as urea clearance. Unfortunately this cal- 
culation could not be made accurately because a portion of the perfusate urea 
was decomposed by intestinal bacteria. An approximation was possible if the 
perfusate urea nitrogen concentration was taken as 75 per cent of the nonprotein 
nitrogen concentration—a percentage close to that found in the serum of these 
subjects. The estimated urea clearances ranged from 6.9 to 21 ¢.c. (Fig. 2), be- 
ing maximal at a perfusion rate of 2.5 liters per hour. That such clearances 
were effective is indicated in the drop of serum nonprotein nitrogen from an 
average value of 232 mg. per 100 c.c. to that of 173 mg. per 100 ¢@.c., and of 
serum urea nitrogen concentration from 174 down to 130 mg. per 100 cubic 
centimeters. 

Other excretory constituents of the serum were not so well excreted in the 
intestinal perfusate. The mean creatinine concentration was 2.5 mg. per 100 
cubic centimeters. It was only 1.2 mg. per 100 ¢.c. in the gastric perfusate. The 
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creatinine clearance of the intestinal perfusate ranged from 1.7 to 5.2 ©. per 
minute with an average of 3.4 ¢.c. per minute. The limited efficacy of creatinine 
removal is reflected in the small drop in serum creatinine concentration, from 
a mean level of 20.8 to one of 18.1 mg. per 100 cubic centimeters. 

Inorganic phosphorus was even more poorly excreted in the intestinal per- 
fusate. The average inorganic phosphorus concentration of the intestinal per- 
fusate was 0.9 mg. per 100 cubic centimeters. In the gastric perfusate it was 
only 0.3 mg. per 100 cubic centimeters. Serum levels of inorganic phosphorus 
were only insignificantly lowered. Serum phenol levels were likewise not appre- 
ciably altered by the perfusion in the three instances in which this constituent 
was determined. 
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Fig. 2.—Relation of rate of intestinal perfusate flow to the urea clearance of the perfusion, 
to the rate of loss of potassium and to the rate of sodium absorption. 


One of the most significant and surprising phenomena encountered in these 
experiments was the large excretion of potassium. Marquis and Schnell’* re- 
ported a loss of potassium in their perfusion experiment, but their perfusing 
fluid contained no potassium. With a concentration of potassium in our per- 
fusing fluid of 5.1 meq. per liter (20 mg. per 100 ¢.c.) no significant loss of 
potassium had been expected. The four experiments with the first two subjects 
soon proved that this concentration was inadequate to protect against excessive 
potassium excretion. Both gastric and intestinal perfusates usually showed 
high potassium concentrations, much higher than that of the corresponding 
serums. In one instance (Subject 4) the gastric perfusate potassium level was 
29.5 meq. per liter (115 mg. per 100 cc.). The highest intestinal perfusate 
concentration was 26.0 meq. per liter (101.5 mg. per 100 ¢.¢.) in the case of 
Subject 5. Even when the perfusing fluid was made to contain 10.2 meq. per 
liter (40 mg. per 100 ¢.c.), the intestinal perfusates always contained a higher 
concentration of potassium than this, and in each instance there was a negative 
balance of potassium associated usually with a marked fall in the serum potas- 
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sium concentration. As seen in Fig. 2, the rate of potassium excretion showed 
an apparent correlation with the speed of perfusion. The earlier slow per- 
fusions tended to cause rapid losses of potassium, whereas the later ones, with 
rates of 2.2 to 3.1 liters per hour, appeared to induce a much slower removal 
of that ion. 


The balances of potassium and the approximate distribution of the potas- 
sium losses between extracellular and intracellular fluid are shown in Fig. 3. 
To estimate this distribution some arbitrary assumptions had to be made. The 
initial extracellular fluid volume was taken as 20 per cent of the body weight 
and the total body fluid volume as 70 per cent. Both percentages were prob- 
ably too high. The increment of body water, as determined from the balance 
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Fig. 3.—Balances of water, sodium, and potassium in the several perfusions. For water 
and sodium only the net balances are shown. For potassium, the total portion above the 
base line represents potassium intake, the portion below the line, the total negative balance. 
Gain or loss in extracellular potassium is indicated by the solid black portion being above or 
below the base line. 


between the intake of perfusing fluid and the output of perfusates and urine— 
with an allowance of 1,000 ¢.c. per twenty-four hours for net loss by sensible 
and insensible perspiration—was assigned only to extracellular fluid. The error 
involved in this assumption would not greatly affect the distribution of potas- 
sium. From the total balance of potassium was subtracted the change in potas- 
sium content of the extracellular fluid. The remainder, a negative value in all 
instances, represented the loss of intracellular potassium. The total negative 
balance of potassium ranged from 46 to 325 meq. with an average of 135 
milliequivalents. Such losses of potassium in most instances were several times 
as great as the total extracellular fluid content of potassium. Since actually 
the extracellular balances of potassium were found to be relatively low (a mean 
of 9 meq.), the bulk of the lost potassium came from the cells. Even if the 
extracellular fluid volumes were really smaller by as much as a liter, the extra- 
cellular potassium loss would only have been increased by 4 to 5 milliequivalents. 
The average intracellular potassium loss of 125 meq. would thereby not be 
appreciably altered. 
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Though the principal loss of potassium was from intracellular fluids, the 
rapid excretion of potassium produced in all instances but one a significant 
decline in the serum potassium concentration. In Subjects 2 and 8, the low 
levels of 2.6 and 2.9 meq. per liter respectively were reached. In the latter 
case, the rapid decline of serum potassium concentration may have contributed 
to the death of the patient, which occurred during the course of the perfusion. 
Such a cause of death has already been reported by Marquis and Schnell.** In 
Subject 4, the serum potassium level rose in spite of an over-all negative balance 
of potassium. This patient had anuria from severe mercuric chloride poisoning 
and died a few days after the perfusion. It is our belief that in this case the 
severe catabolic breakdown of tissue produced by the mercuric chloride intoxica- 
tion produced a faster liberation of potassium from cells than removal from 
extracellular fluid by the perfusion. 

As was to be expected, retention of water, sodium, chloride, and bicarbonate 
occurred in all subjects. The positive water balances ranged from 2 to 4 liters 
(Fig. 3). In Subject 7, whose perfusing fluid contained 5 per cent glucose in the 
first part of the perfusion, a negative water balance of 4 liters developed. This 
was annulled by an equal positive balance during the remainder of the perfusion, 
in which 2 per cent glucose was utilized. The retention of water usually pro- 
duced only a moderate fall in the serum protein concentrations. 

Sodium balances were positive in all experiments, ranging from 310 to 
1,090 meq. (Fig. 3). The greatest rate of absorption of sodium occurred in 
the slow perfusions and was associated with a drop in the sodium concentration 
of the perfusing fluid. In the more rapid perfusions (Subjects 6,7,8, and 9), 
the concentration of sodium in the fluid remained nearly constant or rose slightly. 
Nevertheless, even in these perfusions positive sodium balances developed even 
though the rate of retention was relatively slow (Fig. 2). The movements of 
chloride on the whole followed the pattern of sodium and therefore have not 
been plotted. The retention of sodium and chloride produced in all instances 
but one (Subject 9) a rise in the serum concentrations of these ions. Since the 
majority of this group of subjects had initially low serum sodium levels and were 
dehydrated, their body gain in water, sodium, and chloride, as well as bicarbon- 
ate, was beneficial rather than harmful, since it served to bring the extracellular 
concentrations of these constituents nearer to normal. However, in other sub- 
jects, the rapid and uncontrollable retention of water, chloride, and sodium 
was potentially harmful, producing a sharp increase in extracellular fluid volume 
and a rise in serum sodium to levels well above normal. The data available were 
insufficient to allow accurate calculation of the cellular and extracellular dis- 
tribution of sodium, but undoubtedly a portion of the retained sodium must 
have entered the cells, replacing some of the lost potassium. 


DISCUSSION 


These experiments revealed some of the potentialities and also some of the 
limitations in the use of intestinal perfusion for vicarious excretion of renal ex- 
eretory products. lt was evident that some nitrogenous excretion products, par- 
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ticularly urea, were well excreted in the intestinal perfusate, and that insofar 
as retention of these products was a factor in the development of the uremic 
picture, the condition of the patient could be ameliorated. The relatively poor 
excretion of creatinine, phosphate, and phenols was disappointing. There was 
little likelihood that other toxie excretory substances were any better removed 
by this method. Nevertheless, in consideration of the fact that two of these ap- 
parently hopeless uremic patients were clinically much improved, it was con- 
ceivable that the considerable reduction in urea concentration of body fluids, 
in addition to the rehydration, and rise in serum chloride, sodium, and bicarbon- 
ate concentrations, might be all that was needed to delay the ravages of uremia. 


The large excretion of potassium in all instances, associated with high con- 
centrations of this ion in both the gastric and intestinal perfusates, pointed to 
factors other than osmotic equilibrium involved in this excretion. Gastric juice 
is known to have a high and variable concentration of potassium. Dunham 
and Brunschwig’? have found values up to 100 mg.. per 100 ¢.c. in normal 
human gastric juice and much higher in cases of achlorhydria produced by 
x-ray. Schairer?® also found values up to 91 mg. per 100 ec. in the gastric 
juice of hospital subjects. Randall and colleagues,”! in surgical patients, found 
potassium levels as high as 127 mg. per 100 ¢.c. in fasting gastric aspirations, 
and 31 mg. per 100 ¢.ec. in Miller-Abbott suction fluid from small bowel, and 
114 mg. per 100 ¢.c. in ileostomy fluid. Thus it is apparent that the perfusing 
fluid content of potassium in the present experiments was increased by the 
addition of gastric juice and intestinal juice with high potassium concentrations. 
This content was not effectively diminished by reabsorption of potassium else- 
where in the intestine, in spite of concentrations much higher than that of 
plasma. Increasing the rate of perfusion seemed to diminish the loss of po- 
tassium, but the reason for this is not clear. The effect was just the opposite 
of that seen with sodium. Whereas a fast flow appeared to decrease the reab- 
sorption of sodium, it either increased that of potassium, or, what was more 
likely, it diminished the uptake of potassium by the perfusion fluid from gastric 
and intestinal juice. Since the concentration of potassium in these juices is 
variable, it may be that the fast flow and its accompanying distention also low- 
ered the potassium concentration of these secretions. This variability of potas- 
sium exchange makes it difficult to choose in any individual perfusion the proper 
concentration of potassium in the perfusing fluid which would prevent large 
negative balances and yet not produce the danger of severe potassium retention. 


The removal of body potassium by intestinal perfusion may have therapeutic 
potentialities.* For example, in Subject 5 perfusion was effective in lowering 
the serum potassium from the toxic level of 9.3 meq. per liter to the normal 
value of 4.4. Many other reversible nephropathies, associated with oliguria, 
which is one of the principal causes for petassium intoxication, may likewise be 
benefited by intestinal perfusion, if proper care is taken to prevent too rapid a 
fall in the serum potassium concentration. 

*Since the preparation of this paper, a report by Hicks and colleagues* has shown the 


feasibility of intestinal lavage for the treatment of potassium intoxication in lower nephron 
nephrosis. 
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The optimal rate of perfusion appeared to be about 2.5 liters per hour not 
only in terms of efficiency of nitrogen excretion but also for the prevention of 
excessive sodium absorption. The slow rate of 1 liter per hour allowed danger- 
ously high absorption of sodium and should therefore be avoided. . At the faster 
rate, more abdominal distention may have occurred, but no other harm was 
recognized. Autopsy performed on three of these subjects showed edema of 
the intestinal wall and occasional petechial hemorrhages in the rectal mucosa. 
Otherwise the mucosa appeared clean and showed no evidence of trauma. In- 
deed there was none of the blotchiness, ulceration, or membrane formation 
often seen terminally in uremia. Also there was no appreciable edema of the 
lung, or large accumulation of fluid in the thoracic or abdominal cavities. 


It would be presumptuous to believe that the concentrations of the mineral 
constituents and glucose used in our perfusing fluid were the optimal ones. 
Indeed it is certain that a much lower concentration of sodium and chloride 
would have been more desirable, for, even though it has been shown by Visscher 
and colleagues”? that sodium is well absorbed from the intestine even from 
hypotonic sodium chloride solutions, the degree of such absorption would prob- 
ably be much smaller and less dangerous. It might also have been desirable to 
add calcium in the form of the poorly ionized gluconate to help in the precipita- 
tion and removal of phosphate. Also an increase in the bicarbonate content 
of the fluid might have served to control the acidosis more effectively. Likewise 
the concentration of glucose might have been made higher to meet the varying 
requirements of hydration. The results with 5 per cent glucose in Subject 7 
revealed possibilities for the removal of edema fluid but also emphasized the need 
of a much lower sodium concentration. Any such changes in composition must 
be correlated with the speed of perfusion and must be controlled with frequent 
chemical analyses of the serum for electrolytes and glucose and with careful 
watching for the development of edema. Finally, our data indicate that if 
intestinal perfusion is to be undertaken clinically, short perfusions of not more 
than six to eight hours are safer than longer ones. The perfusion may be re- 
peated after serum analyses and appropriate adjustment of the electrolyte com- 
position of the perfusing fluid are made. 


SUMMARY 


Perfusion of the whole intestine was carried out in nine preterminal uremic 
subjects by passage of fluid through a two-lumen gastric tube and collection of 
the intestinal perfusate at the anal canal with the help of a rectal tube. Suction 
was applied to the second lumen with an opening at the cardia to prevent over- 
distention of the stomach. This latter collection constituted the gastric perfusate. 
The rate of flow of intestinal perfusate varied from 1 to 3.1 liters per hour. The 
perfusing fluid contained 147 (or 142) meq. sodium, 5 (or 10) meq. potassium, 
103 meq. chloride, 52 meq. bicarbonate, 3 meq. magnesium, and 20 Gm. glucose 
per liter. The duration of the perfusion varied from eight to twenty-eight 
hours. 
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Urea and nonprotein nitrogen were well excreted in the intestinal perfusate 
but only slightly in the gastric perfusate. Serum nonprotein nitrogen levels 
dropped an average of 59 mg. per 100 cubic centimeters. The ealculated urea 
clearance of the perfusion was as high as 21 ¢.c. per minute. The excretion of 
creatinine was much less significant, and that of phosphate and phenols was 
not appreciable. Two of the nine subjects were markedly improved clinically 
and their deaths from uremia were delayed. 


Losses of potassium up to 12.7 Gm. occurred even when the concentration 
of potassium in the perfusing fluid was twice as high as that of the serum. The 
serum potassium concentration dropped considerably in all instances but one, 
but most of the lost potassium came from the cells. The rapid drop in serum 
potassium concentration to 2.9 meq. per liter may have been a factor in the 
death of one patient. 


Retention of water, sodium, chloride, and bicarbonate occurred in all sub- 
jects, with increases in the concentration of these ions in the serum. In the 
dehydrated patient this retention was beneficial, but in others the increase in 
extracellular fluid and rise of serum sodium levels above normal were potentially 
harmful. For this reason much lower concentrations of sodium and chloride in 
the perfusion fluid would have been more desirable. 


The optimal rate of perfusion was about 2.5 liters per hour. At this rate 
the urea excretion was greatest and the absorption of sodium and chloride as 
well as the loss of potassium was relatively low. 


Perfusion periods should be limited to six to eight hours, and should be 
accompanied by frequent analyses of the serum and careful clinical attention. 


The authors wish to acknowledge their gratitude to Mrs. Catherine Nobe, Mrs. Lorraine 
Schmelzle Richter, and Miss Frances Gilman for the chemical analyses. 
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1-METHYL-2-MERCAPTOIMIDAZOLE AND 1-ETHYL- 
2-MERCAPTOIMIDAZOLE?* : 
A CLINICAL EVALUATION OF TWO NEW ANTITHYROID DRUGS 


WiuiuiAm H. Bererwautes, M.D. 
ANN Arsor, MICH. 


T HAS been reported by Stanley and Astwood! that 1-methyl-2-mereaptoimida- 
| zole inhibits the rate of uptake of radioactive iodine by the human thyroid 
100 times more effectively by weight than thiouracil. They stated that pre- 
liminary studies on thirty patients with hyperthyroidism treated with this com- 
pound confirmed ‘‘a high degree of effectiveness.’’ No other reports of the use 
of this drug have been found in a review of the literature. It is the purpose 
of the present discussion to report on the clinical use of 1-methyl-2-mercapto- 
imidazole and 1-ethyl-2-mereaptoimidazole in twenty patients with toxic goiter 
treated long enough to permit a preliminary impression of the dosage, effective- 
ness, and toxicity of these drugs. 


MATERIAL AND METHODS 


In Fig. 1 the chemical structure of these 1-substituted mercaptoimidazoles is seen. 
‘‘Mercapto-’’ indicates the -SH group while ‘‘imidazole’’ refers to the five-membered un- 
saturated ring structure. Some similarity to thiouracil is shown in Fig. 1 where the structural 
formulas of these three drugs are shown. 

l-methyl or 1l-ethyl derivitives were given to alternate patients with proved hyper- 
thyroidism. The diagnosis of the disorder was decided by the majority opinion of the attend- 
ing house staff and in most instances the diagnosis was obvious. A study of twenty con- 
secutive patients with thyrotoxicosis is the basis for this report. Twelve patients had exoph- 
thalmic goiter; the remainder had nodular goiters. Five patients had been treated previously 
with propylthiouracil and three with strong iodine solution U.S.P. to within one month of 
admission to University Hospital. Only one patient was of the male sex. The ages varied 
from 13 to 66 years, averaging 32 years. The initial basal metabolic rates ranged between 
plus 13 per cent, in a patient responding poorly to propylthiouracil, to plus 82 per cent, 
averaging plus 46 per cent. ~ 

All but three of the patients were treated as in-patients, usually while at bed rest. 
Either phenobarbital, 0.032 Gm. three times each day, or a 25 per cent solution of chloral 
hydrate, 4 ¢.c. four times each day, was used routinely for sedation. At least one basal 
metabolic rate and plasma cholesterol were obtained on the second to fifth hospital day. 
Basal metabolic rate and usually plasma cholesterol determinations were then obtained at 
weekly intervals until discharge from the hospital. Outpatients had these tests at one to two 
month intervals. All patients were seen and checked clinically by the author at these same 
intervals. 

One of the two mercapto drugs was given after the first or second basal metabolism test. 
The first five patients of the study were started cautiously on 6 mg. administered in divided 
doses of 2 mg. orally, at eight-hour intervals, day and night. If little response was observed 
in one week, the dosage was increased in these and subsequent patients until an amount was 
reached which appeared to produce a maximum rate of response. This optimum dosage was 
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found to be 40 mg., given in divided doses of 10 mg. every four hours during the day. Some 
patients were given this same amount every six hours throughout the twenty-four hour period. 
No difference in rate of response of the patient to these two latter dosage schedules was noted. 
For this reason the more convenient schedule of 10 mg. every four hours during the day was 


adopted for the remainder of the experiment. No iodine therapy was employed during the 


period of the administration of the mercapto drugs. Strong iodine solution U.S.P. was given 
in dosage of 10 drops per day when surgery was contemplated, and the basal metabolic rate 
had fallen to less than plus 20 per cent. 


CHEMICAL STRUCTURE OF THE MERCAPTO=-IMIDAZOLES 
COMPARED TO THIOURACIL 


CH, CH,-CH, 
' ‘ 
HN———— C0 ‘eames N= CH 
| Ae | 
‘| i] “I “ 
HN—————CH N= CH N CH 
|- METHYL — 1- ETHYL = 
THIOURACIL 2-MERCAPTO 2- MERCAPTO 
IMIDAZOLE IMIDAZOLE 
Fig. 1. 


A complete blood count and urinalysis were done routinely on admission. The urinalysis 
and total white blood cell count with differential blood cell count were repeated every other 
day throughout the period of hospitalization. A series of tests of liver function were per- 
formed on admission and at discharge on three patients. Measurements of the degree of 
exophthalmos were obtained by the Hertel exophthalmometer on all patients on admission and 
four patients have had repeated measurements during their hospital course. 

The minimum period of treatment was two weeks, the maximum six months, the average 
two months. 


RESULTS 

Fig. 2 illustrates the basal metabolic rate response of nine patients to 1- 
methyl-2-merecaptoimidazole (solid line) and of eleven patients to 1-ethyl-2- 
mereaptoimidazole (broken line). The basal metabolic rate is recorded on the 
ordinate and time in weeks and months on the abscissa. The response was gener- 
ally rapid. Three patients on 1-methyl-2-mereaptoimidazole showed lack of 
return of the B.M.R. to normal in three months or more. These three were not 
hospitalized during treatment. The average rate of B.M.R. fall for twenty 
patients was 32.5 per cent in 42.3 days, or roughly, 1 per cent fall in B.M.R. 
per day. This figure includes outpatients with slow response. 

Fig. 3 shows pulse rate in beats per minute on the ordinate with time on 
the abscissa just as in Fig. 2. The pulse rate shows a more uniform early re- 
sponse and is similar to but better than the B.M.R. response. Fig. 4 shows 
plasma cholesterol in milligrams per cent by the Schoenheimer-Sperry method, 
and weight response in pounds. These are roughly parallel and are the same 
with both drugs. Fig. 5 gives the exophthalmometer reading response in the 
only four patients with determinations before and after treatment. The right 
eye measurements are shown in solid line and the left eye in interrupted line. 
The measurements indicate that three patients had a progression of exophthalmos 
in a short period of time. One had malignant exophthalmos before treatment 
was started. 
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The general clinical condition showed the same degree of improvement as 
indicated by the indices noted. No progressive enlargement of the thyroid was 


noted. 


No toxic reactions to either of these drugs were observed. 









BEIERWALTES 


















PLASMA CHOLESTEROL RESPONSE 


—— I- METHYL 
-—- I- ETHYL 


3 175 


i 
e 


8 
y 


PLASMA CHOLESTE' 
nn 
a 


x 
°o 
VW 
| 
| 
| 
\ 
\ 
\ 
= 
S 
7) 
= 
| 
2 
m 
o 
v 
° 
2 
wo 
m 





3 








| 





© 
° 
| 


WEIGHT IN POUNDS 
ro) 

Wr T 
A 








eo seer ll = 
ppt jij jij +114 : 











* 15 16 
2 3 4 8 6 9 oOo NW 2 8 4 
= TIME IN (WEEKS) ( MONTHS ) | 
Fig. 4 ' 
| HERTEL EXOPHTHALMOMETER READING RESPONSE 
26 
27 1 
] 
26 - anna 
i 
25t- a 
ail ( 
i a 


if mm 10,0, 
=—=—- 0.8. 


A 


EXOPHTHALMOMETER READING IN MLM. 
8 
NK 











eit 
20 é 
I 
19 
4s 0 
17 I 
” = oe a a 
9 Oo WW 12 13 4@ 15 16 
TIME IN WEEKS 1 
Fig. 5. 
2 
DISCUSSION 3 
None of the results recorded here are statistically signifieant because of 4 


the small number of patients in this series. It is clearly demonstrated, however, 
that these two drugs are highly effective in the treatment of thyrotoxicosis. The 
drop in B.M.R. of 1 per cent per day is worthy of emphasis since the B.M.R. 
response in patients treated at this hospital with thiouracil and propylthiouracil 
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was 1 per cent every 2.5 days.? The younger age and higher per cent of patients 
hospitalized during treatment in the present series might have contributed to 
the rapidity of response noted here. Five patients in this series, however, had 
been previously treated with propylthiouracil in adequate dosage, and three 
with strong iodine solution U.S.P., but were given 1-methy] or 1-ethyl-2-mereapto- 
imidazole because of poor response. 

The similarity of response in plasma cholesterol and weight should be noted. 
It appears that the plasma cholesterol is helpful in following the response of a 
patient to antithyroid treatment but of much less value as a single test in the 
diagnosis of hyperthyroidism. The few exophthalmometer responses recorded 
here, though not statistically significant in number, give us the clinical impres- 
sion that the faster action of 1-methyl and 1-ethyl-2-mereaptoimidazole may pos- 
sibly be accompanied by a higher incidence of progressive exophthalmos. This 
observation is in keeping with previous observations on the comparison of the 
exophthalmos after thyroidectomy,’ x-ray to the thyroid,‘ and propylthiouracil’ 
in the treatment of thyrotoxicosis. Experience at this hospital has suggested 
that patients with thyrotoxicosis have a poor response to antithyroid drugs when 
malignant exophthalmos is present. Such patients are now treated with radio- 
active iodine at this institution. 


CONCLUSIONS AND SUMMARY 


The chemical structure of two new antithyroid drugs is given. They are 
1-methyl-2-mereaptoimidazole and 1-ethyl-2-mereaptoimidazole. Some similarity 
in structure to thiouracil is noted. 

A total of twenty patients was treated with these two drugs in an average 
dosage of 10 mg. every four hours during the day. The average duration of 
treatment was two months, with a minimum of two weeks and a maximum of 
six months. 

No toxic reactions due to these drugs were observed. 

Although the series is small and not statistically significant, these drugs 
appear equal in effectiveness and over seven times as effective as propylthiouracil 
by weight. 

The possibility must be considered that with the increased rate of response 
of thyrotoxicosis, an increased incidence of exophthalmos may occur. This may 
be averted by the use of desiccated thyroid. 
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EFFECT OF AMINO ACIDS ON NEUROMUSCULAR FUNCTION 
CLARA Torpa, M.D., PH.D., ANp Haroip G. Wo.irr, M.D. 
NEw York, N. Y. 


bite ENTS with myasthenia gravis have an impaired neuromuscular function 
demonstrable through the inability to maintain the amplitude of muscle 
action potential during repetitive indirect stimulation.’ Infusion of amino acids 
and protein hydrolysate? induce a temporary return of the action potential to 
normal. The ability of amino acids to improve neuromuscular function may be 
due to (1) a so-called ‘‘pharmacologic’’ effect of amino acids administered intra- 
venously in relatively high concentrations, and (2) to a replacement by the 
amino acids of one essential amino acid that patients with myasthenia gravis 
may lack. 

In order to ascertain which of the two mechanisms was involved in the 
improvement of neuromuscular function induced by the amino acids, an attempt 
was made to determine whether deficiency of one essential amino acid may induce 
a decline of the amplitude of muscle action potential during repetitive indirect 
stimulation. 

METHOD 

Eight-week-old mice of the same strain and of both sexes were divided into groups. 
One group (A) received mixed whole diet ad libitum; one group (B) received mixed whole 
diet and food was witheld for twenty-four hours before the performance of the experiment; 
one group (C) received a diet ad libitum containing instead of proteins and polypeptides all 
the essential amino acids in crystalline form; and the other mice (Group D) received diets 
ad libitum lacking either one or two essential amino acids. After four and six weeks the 
neuromuscular function in each animal was ascertained by action potential measurements. 

Diets.—Groups A and B received a mixed whole diet consisting of Big Red dog pellets 
(G.L.F. Cooperative), milk, bread, fat-soluble vitamins, and water-soluble vitamins. 

Group C received a mixture prepared following the composition suggested by Rose.®, 4 
Each 100 Gm. of diet consisted of 60 Gm. of sucrose, 14,5 Gm. of dehydrogenated cottonseed 
oil (Crisco), 18.50 Gm. of crystalline amino acids, 5 Gm. of Osborne-Mendel salt mixture #1, 
1 ml. of fat-soluble vitamins, and 1 ml. of water-soluble vitamins. One hundred grams of 
fat-soluble vitamins consisted of 1 Gm. of vitamin A(200,000 U. per gram), 1 Gm. of erystal- 
line alpha-tocopherol, 1 Gm. of viosterol, 10 mg. of vitamin K, and corn oil. One hundred 
grams of water-soluble vitamins contained 20 mg. of thiamine chloride, 50 mg. of riboflavine, 
20 mg. of pyridoxine, 200 mg. of calcium pantothenate, 200 mg of nicctinie acid, 10 Gm. of 
choline chloride, 20 Gm. of alcohol, and distilled water. The composition of the 18.50 Gm. 
of amino acid mixture was 2.10 Gm. pi-valine, 2.73 Gm. pt-leucine, 1.88 Gm. bL-isoleucine, 
1.26 Gm. pL-methionine, 3.16 Gm. pL-phenylalanine, 1.04 Gm. L-arginine, 1.04 Gm. L-histidine, 
3.15 Gm. L-lysine, 0.84 Gm. L-tryptophane, and 1.47 Gm. bL-threonine. 

Group D: eight different diets were used. Each diet was deficient in one (or two) 
essential amino acid. The diets were prepared as follows. The amino acids were combined 
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in weights already described, leaving out one essential amino acid. Then 18.50 Gm. of the 
mixture were added to 81.50 Gm. of the sucrose-salt-fat-vitamin mixture combination described 
for Group C. 

Action Potential Measurements.—Electromyograms were taken during repetitive stimu- 
lation of the sciatic nerve by the following method.» The spinal cord of the mice was 
destroyed up to the midthoracic region. The two legs were used as separate preparations. One 
leg was firmly fixed at the knee and ankle joint to an animal board. Bakelite-insulated silver 
wire electrodes were used. One recording electrode was inserted into the upper half of the 
gastrocnemius muscle, the other into the tendon of the gastrocnemius muscle. Stimulating 
silver wire electrodes 2 mm. apart were placed either near or directly on the sciatic nerve. 
The nerve was stimulated in ten-minute intervals for one minute with 30 or 50 pulses per 
second, each of 100 micro-seconds duration and of ‘‘supramaximal’’ intensity. The sweep 
circuit of the oscilloscope was synchronized with the stimulator so that successive stimuli 
and muscle action potentials were superimposed on the screen of the cathode ray tube. The 
action potential was recorded photographically. 

The maximum amplitude of each action potential was measured. The values obtained at 
the beginning of a series of stimulation served as the respective 100 per cent. The amplitude 
of the action potential taken at the end of the sixty-second stimulation period was expressed 
as a percentage of the amplitude of the first action potential occurring at the beginning of 
stimulation. 

Blood Circulation.—In a few representative experiments upon conclusion of the experi- 
ment Berlin blue was injected into the abdominal aorta of the mice to ascertain whether or 
not the blood supply of the gastrocnemius muscle remained adequate during the experiments. 
Each leg was uniformly discolored within a few seconds indicating that the blood supply 
was adequate. 


RESULTS 


Mice kept on mixed whole diet maintained the amplitude of action potential 
during repetitive stimulation with 10 pulses per second nearly unaltered. The 
amplitude of action potential decreased on the average 26 per cent during 
stimulation for one minute with 30 pulses per second and 50 per cent with a 
stimulation with 50 pulses per second. The ability to maintain the amplitude 
of action potential was similar in mice kept on mixed whole diet and in mice 
kept on diets containing all essential amino acids in erystalline form. 

Mice starved for twenty-four hours maintained the amplitude of action 
potential somewhat better than mice kept on mixed whole diet. 

Mice fed diets lacking one of the nine essential amino acids for four weeks 
maintained the amplitude of action potential in a manner similar to mice kept 
on mixed whole diet. After six weeks of administration of the diets deficient 
in one essential amino acid the ability of mice to maintain the amplitude of action 
potential during repetitive stimulation decreased significantly more than in the 
control mice (Groups A, B, and C). The decrease was most marked in mice 
fed diets deficient in either isoleucine and leucine or phenylalanine and was the 
least evident in mice kept on a diet deficient in methionine (Fig. 1, Table 1). 


DISCUSSION 


Specific manifestations of a deficiency of essential amino acids appear in 
mice before four weeks from the beginning of the period of deprivation. There- 
fore, since the mice maintained the amplitude of action potential during repetitive 
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Fig. 1.—Effect of deficiency of an essential amino acid on the ability to maintain the 
amplitude of action potential during repetitive stimulation. 

Row A, mouse receiving mixed whole diet for six weeks; row B, mouse receiving a diet 
lacking in phenylalanine for four weeks; row C, mouse receiving a diet lacking in phenylalanine 
for six weeks, 

Column /, action potential records taken at the beginning of a sixty-second stimulation 
period with 30 pulses per second; column 2: action potential records taken at the end of a 
sixty-second stimulation period with 30 pulses per second; column 8: action potential records 
taken at the beginning of a sixty-second stimulation period with 50 pulses per second; column 
4: action ‘enn records taken at the end of a sixty-second stimulation period with 50 pulses 
per second. 


stimulation within normal limits regardless of which essential amino acid was 
withheld for four weeks, it may be inferred that neuromuscular function is not 
dependent on one single amino acid. Neuromuscular function decreased in 
mice fed with diets deficient in one essential amino acid for six weeks. Since 
this dysfunction occurred regardless of which amino acid was missing, it may 
be suggested that decreased neuromuscular function occurs when synthesis of 
proteins becomes difficult due to the lack of any one of its building blocks. 
The foregoing experiments were performed in an attempt to understand the 
mechanism of temporary remission of symptoms of patients with myasthenia 
gravis during amino acid and protein hydrolysate infusion.2 Since specific 
symptoms of the deficiency of a single amino acid occur before the appearance 
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‘TABLE J. EFFECT oF AMINO ACID DEFICIENCIES ON THE ABILITY TO MAINTAIN THE AMPLITUDE 
oF ACTION POTENTIAL DURING REPETITIVE STIMULATION 
AMPLITUDE OF THE ACTION POTENTIAL TAKEN AT THE END 
OF A 60-SEC. STIMULATION PERIOD EXPRESSED AS PERCENT- 
AGE OF THE AMPLITUDE OF THE FIRST ACTION POTENTIAL 
(FOLLOWED BY THE STANDARD ERROR OF MEAN) 
FREQUENCY OF STIMULUS PER SECOND 
30 50 
PER CENT OF PER CENT OF 
NUMBER ACT. POT. ACT. POT. 
OF EX- PER CENT | TAKEN AT END | PER CENT | TAKEN AT END 
PERI- OF FIRST OF 60 SEC. OF OF FIRST OF 60 SEC. OF 
DIET MENTS ACT. POT. GROUP A ACT. POT. GROUP A 


Mixed whole diet 66 74+0.8 100 59+ 1.0 100” 
(Group A) 
Starved 24 hr. 22 93 + 2.4 125 : 127 
(Group B) 
Ten amino acid mixture 20 Tale = - 107 
(Group C) 
Group D 
Four weeks of diet 
deficient in: 
Histidine 
Isoleucine and 
leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophane 
Valine 
Six weeks of diet 
deficient in: 
Histidine 18 
Isoleucine and 17 
leucine 
Lysine 21 
Methionine 20 
Phenylalanine 20 
Threonine 20 
Tryptophane 20 
Valine 22 
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of the neuromuscular dysfunction, and since the patients with myasthenia 
gravis do not have said specific symptoms, it is likely that patients with myas- 
thenia gravis do not lack one essential amino acid. Furthermore, the im- 
proved neuromuscular function in patients with myasthenia gravis was not due 
to the replacement of one essential amino acid. 

It is, therefore, likely that amino acids improve neuromuscular function 
by a systemic effect, e.g. by improvement of acetylcholine synthesis. It is known 
that amino acids and polypeptides increase the activity of choline acetylase in 
vitro.» 7 A decreased activity of choline acetylase is the immediate factor in 


inducing the symptoms of myasthenia gravis.*!! Also, agents modifying the 
activity of choline acetylase are known to modify the behavior of the action 
potential of nerve.'*"* Apparently the increase of fatigability parallels the 
decrease of the synthesis of acetylcholine.” 1% 4% 


The effect of amino acids may also be attributed to an increased release of 
the adrenocorticotrophic hormone (ACTH) by the pituitary gland, a fact 
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assumed by some researchers'**? and debated by others. Should an increased 
release of ACTH result from increased amino acid intake, this event would be 
able to induce an improvement of neuromuscular function. Administration of 
ACTH is known to restore the neuromuscular function of patients with myas- 
thenia gravis?*-*° to normal, administration of ACTH to animals increases the 
ability of nerve tissue to synthesize acetylcholine,?’ and it restores both the 
ability to maintain the amplitude of action potential during repetitive stimula- 
tion and the ability to synthesize acetylcholine in hypophysectomized animals to 
normal.”*-*° The slight improvement of neuromuscular function after short 
periods of starvation (Table I) may possibly have been due to the known in- 
creased release of ACTH during starvation.*! 


SUMMARY 


A short period of starvation slightly improved the function of neuromuscu- 
lar system, possibly because of an increased ACTH secretion. 

Diet deficient in any one of the nine essential amino acids given for four 
weeks did not impair the function of the neuromuscular system, whereas intake 
of these diets for six weeks resulted in impaired neuromuscular function. 

The improvement of neuromuscular function in patients with myasthenia 
gravis following the administration of amino acids may be attributed not to a 
replacement of one essential amino acid but to augmentation of acetylcholine 
synthesis. 


The authors wish to express their gratitude to Merck & Co., Inc., Rahway, N. J., for 
the generous supply of Di-methionine, L-lysine, pL-tryptophane, L-histidine, L-arginine, and 
pi-threonine, and to The Dow Chemical Co., Midland, Mich., for the generous supply of 
DL-leucine, DL-isoleucine, and DL-valine. 
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THE PROTECTIVE EFFECT OF CYSTEINE ON LEUCOPENIA 
INDUCED BY NITROGEN MUSTARD 


AusTIN S. WEISBERGER, M.D., AND RoBpert W. HEINLE, M.D. 
CLEVELAND, OHIO 


DMINISTRATION of cysteine and glutathione to rats and mice prior to 
irradiation with lethal doses of x-ray has been shown to reduce mortality 
significantly... The mechanisms by which cysteine produces this beneficial 
effect have not been determined and further investigation of the fundamental 
cellular physiology involved is desirable. Inasmuch as the hematologic effects 
of nitrogen mustard (HN,) are similar to those of irradiation, the following 
experiments were performed to discover whether cysteine would exert a pro- 
tective effect on the leucopenia induced by nitrogen mustard. The effect of 
BAL which, like cysteine and glutathione, contains sulfhydryl groups, was 
also investigated. 
METHODS 


A freshly prepared saline solution of HN,* (mechlorethamine hydrochloride) contain- 
ing 1 mg. per milliliter was injected into the marginal ear vein of rabbits. A single intra- 
venous dose of 2.5 mg. per kilogram uniformly produced a severe leucopenia in rabbits 
which reached its maximum on the fourth day. An occasional death occurred with this 
dose but the majority of the animals survived. 

Cysteine hydrochloride* was prepared as a 20 per cent solution in distilled water. 
This was adjusted to pH 7.0 to 7.5 with 30 per cent sodium hydroxide in a ratio of ap- 
proximately 0.5 ml. of 30 per cent sodium hydroxide to each 3.0 ml. of 20 per cent cysteine 
hydrochloride. This solution was injected intraperitoneally immediately after preparation 
in doses of 650 to 1,000 mg. per kilogram of body weight. ‘Ten to fifteen minutes after 
injecting the cysteine 2.5 mg. of HN, per kilogram of body weight were administered 
intravenously. The daily variations in the total leucocyte and differential counts were ob- 
served. In one group of animals the cysteine was administered immediately after instead 
of before the injection of the nitrogen mustard. 

Twenty-five milligrams of BAL per kilogram of body weight were injected intra- 
muscularly one hour before administering HN, This dose was repeated fifteen minutes be- 
fore and again two hours after administering the HN,. A 10 per cent solution of BAL in oil 
(Hynson Westcott & Dunning, No. 1088500) was employed. 


RESULTS 


In ten control rabbits injected with 2.5 mg. of HN, per kilogram of body 
weight, the maximum leucopenia invariably occurred in each rabbit on the 
fourth day. The average daily counts are shown in Table I and are repre- 
sentative of the values for each rabbit. The average maximum fall in the leu- 
cocyte count was 79.5 per cent of the initial count. The average maximum 
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TABLE I. PROTECTIVE EFFECT OF CYSTEINE ON LEUCOPENIA INDUCED WITH NITROGEN MUSTARD 
(COMPARISON OF AVERAGE DAILY COUNTS) 













































































CYSTEINE AND BAL AND 
NITROGEN MUSTARD NITROGEN MUSTARD NITROGEN MUSTARD 
(10 RABBITS ) (16 RABBITS ) (6 RABBITS ) 
% OF % OF % OF 
TOTAL INITIAL TOTAL INITIAL TOTAL INITIAL 
DAY COUNT COUNT COUNT COUNT COUNT COUNT 
Total leucocyte 1 7,869 100 7,965 100 11,391 100 
count 2 7,388 94 8,390 105 9,741 85.5 
3 3,981 50.5 6,796 85 4,267 37.4 
4 1,581 20.5 4,959 62.5 1,758 15.4 
5 2,010 25.7 6,083 76.5 1,800 15.8 
6 3,194 40.5 6,350 80.0 2,133 18.7 
Total neutrophil 1 3,292 100 3,139 100 4,050 100, 
count 2 5,338 162 4,959 158 7,416 183 
3 2,208 67 3,318 105 2,863 71 
4 765 23.2 2,153 68.5 704 17.4 — 
5 1,061 32 2,279 72.5 558 13.8 
6 1,190 35.5 2,547 81.5 866 21.4 
Total lymphocyte 1 4,196 100 4,780 100 7,069 100 
count 2 1,698 40.5 3,003 60 1,979 28.3 
3 1,608 38.5 3,144 61 1126 15.9 
4 747 17.8 2,726 55 976 13.8 
5 889 21.2 3,784 76 1,166 16.5 
6 1,853 44.5 3,752 75 1,167 16.5 





fall in neutrophils was 76.8 per cent and the average maximum fall in lympho- 
cytes was 82.2 per cent of the initial counts (Table II). An increase in neu- 
trophils similar to that which occurs after radiation regularly occurred on the 
second day (Fig. 2). 

When cysteine was administered intraperitoneally to sixteen rabbits, ten 
to fifteen minutes prior to the injection of HN., the fall in the total leucocyte 
count was much less marked in each instance than that which occurred in 


TABLE II, SUMMARY OF DATA 











TOTAL 
LEUCOCYTE COUNTS NEUTROPHIL COUNTS LYMPHOCY'T® COUNTS 
AVER- AVER- AVER- | AVER- AVER- AVER- 
AVER- AGE AGE AVER- AGE | AGE | AVER- AGE AGE 
AGE MAX- MAX- AGE MAX- MAX- AGE MAX- MAX- 
CON- IMUM |} IMUM CON- IMUM IMUM | CON- IMUM IMUM 


TROL | .EUCO-| FALL | TROL |NEUTRO-| FALL | TROL |LYMPHO-| FALL 

COUNT | PENIA | (%) | COUNT | PENIA | (%) |COUNT] PENIA (%) 

Nitrogen mustard 7,869 1,581 79.5 | 3,292 765 = 76.8 | 4,196 747 82.2 
2.5 mg./kg. 
(10 rabbits) 

Cysteine administered| 7,965 4,959 37.5 | 3,139 
prior to injection of 
HN, (16 rabbits) 

Cysteine administered| 10,230 1,450 85.9 | 3,370 603 82.1 | 5,523 724 =©686.9 
after injection of 
HN, (5 rabbits) 

BAL administered 11,891 1,675 85.4 | 4,050 601 85.2 | 7,069 943 = 86.6 
prior to injection of 

HN, (6 rabbits) 
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the group given HN, without cysteine. The average maximum fall in the 
leucocyte count was 37.5 per cent of the initial value as contrasted to 79.5 per 
cent in the unprotected group. The average maximum drop in neutrophils 
was 31.5 per cent as compared with 76.8 per cent in the control group, and 
















160 T I I l 
150 
140}- 
130}- 
#120} 
2110 
—) 
g 3 100 
pz, % Cysteine + HNy 
£§ 80 \ (Average of 
Ss 70} \ 16 Rabbits) 
~ © 60 \ 
23 \ 
Re 50} y 
2 40 \ HNg 
s \ ~~” (Average of 
30; S -. ogi 10 Rabbits) 
20+ ii 
10} 
| | | l | 
1 2 3 4 5 
DAYS 


Fig. 1.—Protective effect of cysteine on leucopenia induced by nitrogen mustard (HN2). 
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Fig. 2.—Protective effect of cysteine on neutropenia induced with nitrogen mustard (HNz2). 
Temporary rise in neutrophils occurred in both groups. 


the average drop in the lymphocytes was 45 per cent as compared with 82.2 
per cent in the control group (Tables I and II, Figs. 1, 2, and 3). No more 
protection occurred with doses of 1,000 mg. of cysteine per kilogram of body 
weight than with doses of 650 mg. per kilogram, or when the cysteine was 
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administered intravenously rather than intraperitoneally. The increase in 
neutrophils which occurred on the second day in animals receiving cysteine 
and HN, was identical with that which occurred in the group receiving HN, 
alone. 

Administration of cysteine immediately after injecting HN, resulted in 
no protection. The fall in total leucocyte count, neutrophils, and lympho- 
cytes was of the same magnitude as that occurring when HN, was injected 
without cysteine (Table II). Administration of cysteine without HN, re- 
sulted in no significant change in the leucocyte count. 
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Fig. 3.—Protective effect of cysteine on lymphopenia induced with nitrogen mustard (HNz2). 


The protection with cysteine occurred in animals that had previously 
developed a marked leucopenia when injected with HN, alone. Animals that 
responded to cysteine protection were likewise capable of subsequently re- 
sponding with a marked leucopenia when given HN, alone. 

Intramuscular administration of BAL to six rabbits prior to the intra- 
venous injection of HN, failed to protect against the leucopenia. The fall in 
total count, neutrophils, and lymphocytes was of the same magnitude as that 
of the control group (Table I). No toxie manifestations from the large doses 
of BAL employed were observed. 


DISCUSSION 


It is evident that in rabbits, the administration of cysteine prior to the 
injection of HN, results in partial protection against the severe leucopenia 
induced hy HN,. Whether the protective effect of cysteine is due to inactiva- 
tion of HN, or to some competitive action or sparing effect on cellular en- 
zymes damaged by the HN, requires further study. 
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The temporary rise in neutrophils on the second day in animals receiving 
HN, is similar to that encountered following irradiation.*?, This was a con- 
sistent and characteristic finding in all the rabbits receiving HN, and oc- 
curred even when cysteine or BAL was also administered. If the protective 
effect of cysteine were simply due to inactivation of the HN2, this temporary 
rise in neutrophils would not be expected when cysteine is administered prior 
to injection of HN2, unless the granulocytic and leucopenie effects of HN, are 
the result of different mechanisms. 

The hematologic effects of HN, are a factor in limiting the amount of 
HN. which can be administered in any one therapeutic attempt. If cysteine 
or some compound equally effective in preventing leucopenia can be admin- 
istered safely to human beings, it might then be feasible to employ larger and 
more effective doses of HN, in patients with lymphoma and malignancies. 

The absence of a protective effect when cysteine is administered immedi- 
ately after the injection of HN, indicates that the mustard exerts its effect 
very rapidly and that this effect is irreversible. The ineffectiveness of BAL 
in preventing the leucopenia probably indicates that the presence of sulfhydry] 
groups alone is not sufficient for protection. The possibility exists, however, 
that the oily preparation used did not permit rapid enough absorption to at- 
tain effective blood and tissue levels. 

The protection of lymphocytes and granulocytes was approximately equal. 
Although the absolute values for lymphocytes were always higher than that 
for neutrophils, there was no significant difference in percentage change when 
compared with the initial counts. 


SUMMARY AND CONCLUSION 


Administration of cysteine to rabbits before injecting HN, results in pro- 
tection against the leucopenia induced with HN,. 

Administration of cysteine immediately after injecting HN, does not 
result in any protection against the leucopenia. Twenty-five milligrams of 
BAL in oil per kilogram of body weight also did not prevent the leucopenia 
induced with HN,. 

A marked rise in neutrophils occurs on the second day following the in- 
jection of HN,. This is similar to that which appears following irradiation. 

Administration of cysteine prior to the injection of HN, does not pre- 
vent the typical rise in neutrophils, even though it does prevent the marked 
leucopenia which occurs with HN). 

Possible clinical applications are discussed. 
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THE URINARY EXCRETION OF 17-KETOSTEROIDS AND CORTICO- 
STEROIDS IN LEUCEMIA; THE EFFECT OF AMINOPTERIN 
(4-AMINO-PTEROYLGLUTAMIC ACID) ON THE EXCRETION 

OF CORTICOSTEROIDS IN ACUTE LEUCEMIA 
Davin G. Hanon, M.D.,* Haroip L. Mason, Pu.D.,t AND J. M. Stickney, M.D.+ 
RocHESTER, MINN. 


OUGHERTY and Dougherty,’ *? and Higgins,*? working independently, ob- 
D served atrophy of the thymus, spleen, and lymphoid tissues and hyper- 
plasia of the adrenal cortex after administration of toxic doses of aminopterin 
(4-amino-pteroylglutamie acid) to rats. Previous adrenalectomy largely pre- 
vented the involution of lymphoid structures. Dougherty also observed that 
aminopterin brings about a depletion of adrenal cortical sudanophilic material, 
a phenomenon which is believed by many investigators to be a good indication of 
increased secretory activity on the part of the adrenal cortical cells. 

Many workers have previously demonstrated that the administration of 
certain adrenal hormones or of pituitary adrenocorticoptropic hormone (ACTH) 
to animals resulted in an involution of lymphatic structures. Likewise, a re- 
gression in the size of enlarged lymph nodes and enlarged spleens has been ob- 
served in human beings suffering from lymphocytic leucemia or lymphosarcoma 
to whom cortisone (17-hydroxy-11-dehydrocorticosterone) or ACTH has been 
administered. Presumably the effects on lymphoid structures observed by 
Dougherty and Higgins during administration of aminopterin may be attributed 
to the action of extra amounts of adrenocortical hormones produced by the hy- 
perplastic adrenal glands. Hence it was felt that if aminopterin produces a 
hyperplasia of the adrenal cortex in patients this might be accompanied by an 
increased formation and excretion of adrenal hormones which in turn could 
effect the reduction in the size of enlarged lymphatic structures which is seen 
in such clinical entities as lymphatic leucemia or lymphosarcoma. 

The study of adrenal function in acute leucemia is of further interest in 
view of the recent attempts to treat the disease with such compounds as ACTH 
and various adrenal cortical steroids. 

Since hypofunction and hyperfunction of the adrenal cortex are reflected 
by decreased and increased amounts respectively of urinary 17-ketosteroids and 
corticosteroids, the amounts of these substances were determined as the most 
readily available means of appraising adrenocortical function. The amount of 
corticosteroids excreted was considered to be, in some measure, a better indica- 
tion of the amount of adrenocortical function than the amount of 17-ketosteroids 
since the excretion of 17-ketosteroids is subject to many influences, the effect of 
which on the adrenal cortex is difficult to assess. 
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Urinary Excretion of Corticosteroids and 17-Ketosteroids in Cases of Un- 
treated Leucemia.—The daily excretion of urinary corticosteroids in twenty 
cases of untreated acute leucemia was determined by a method similar to that 
of Corcoran and Page.* It varied from 0.2 mg. to 1.29 mg. in twenty-four hours 
and was within normal limits* in all but five of the cases. In three cases in which 
the patients were adults, slightly elevated values were found (1.04 mg., 1.23 mg., 
and 1.29 mg. in twenty-four hours) ; likewise, one child, 4.5 years old, excreted 
0.6 mg. in twenty-four hours, which exceeds the normal range for that age.’ 
One adult excreted slightly subnormal amounts (0.2 mg. in twenty-four hours). 
The average excretion for adult patients was found to be 0.67 mg. in twenty- 
four hours, and for the whole series, including eight children, 0.58 mg. in twenty- 
four hours (Table I). 


TABLE I. SINGLE DETERMINATIONS OF DAILY EXCRETION OF CORTICOSTEROIDS AND 
17-KETOSTEROIDS IN URINE IN CASES OF UNTREATED ACUTE LEUCEMIA 
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| AGE CORTICOSTEROIDS 17-KETOSTEROIDS 
CASE (YR. ) (MG. IN 24 HR.) (MG. IN 24 HR.) 
a) ee oh men ae | lO 
ms si a Vas saa ee 0.49 
m 4 ro St ae Se | | lee 7 
47 oli a a 0.31 
in ais — _ dl aX 0.8 
_: oe 1.23 f 
(hes. 7 ee oan 0.50 
Cet se — 0.85 
>) aman aa 25 1.29 ‘tow ee 2.7 
n+ De eee ae 0.20 7 . 2.5 a 
a 5.0 
— 2a a 46¢€@«@~@2 «O88 i) tig 2.3 
; Zz fl —_ z a Sanaa 5.0 
—. .£ 73 a a 
ee an . ull - 
16— “| 49 hii a te eee ° ieee 7 
7 —_ | 70 mae ne 0.54 o> eer 4.9 
~~ = | “~ Dee seas oe 
———— “= a ee Oe, 7 
 _ +f — 3 a, eee on... oe. 


Similarly, the urinary excretion of corticosteroids in eight cases of chronic 
leucemia was within normal limits in each instance. The range of values was 
0.37 mg. to 0.79 mg. in twenty-four hours, and the average daily excretion was 
0.58 mg. in twenty-four hours (Table IT). 

The values for the 17-ketosteroids excreted in the urine were determined 
according to the method of Callow, Callow, and Emmens*® with use of the cor- 
rection equation of Talbot, Berman, and MacLachlan.’ In thirteen of fourteen 


*Values obtained in this laboratory on normal persons (nineteen men, thirteen women) 
range from 0.3 to 1.0 mg. in thirty-one instances; one value was 1.2 mg. in an apparently 
healthy male subject. 
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TABLE II. SINGLE DETERMINATIONS OF DAILY EXCRETION OF CORTICOSTEROIDS AND 
17-KETOSTEROIDS IN URINE IN CASES OF CHRONIC LEUCEMIA 















































CORTICO- 17-KETO- 
STEROIDS STEROIDS 
AGE (MG. IN (MG. IN 
CASE ( YR.) 24 HR.) 24 HR. ) DIAGNOSIS 
21 74 0.53 Chronic lymphatic leucemia 
61 0.37 Chronic lymphatic leucemia 
23 a5 57 0.46 _ Chronic myelogenous leucemia 
24 58 0.59 Chronic lymphatic leucemia im 
25 54 0.79 5.7 ; Chronic lymphatic leucemia i. 
26 62 0.63 4.0 ? Chronic lymphatic leucemia ro, 
y 27 | 27 | 0.78 9.0 Chronic lymphatic leucemia ace 
28 | 32 | 0.47 ISG | Chronic myelogenous leucemia 





cases of acute leucemia the values were found to be low*; in the remaining case, 
an adult male patient, the value was within the low range of normal values. The 
values ranged from 0.0 mg. to 8.7 mg. for the 17-ketosteroids excreted in twenty- 
four hours; the average value was 3.5 mg. for the whole series of patients and 
4.3 mg. for adults. Included in the series were six adult male subjects, five 
adult female subjects, and three children (Table I). 


The values for the 17-ketosteroids excreted in twenty-four hours were de- 
termined in only four cases (patients were men) of chronic leucemia. They were 
5.7 mg., 4.0 mg., 1.7 mg., and 9.0 mg. respectively, and the average value was 
5.1 mg. (Table IT). 

In so far as the urinary excretion of corticosteroids was concerned, no evi- 
dence of any basic alteration in adrenal cortical function could be found in cases 
of either acute or chronic leucemia in which the patients were not treated with 
aminopterin, regardless of whether or not the disease was in a leucemic or a 
leucopenic phase. The excretion of urinary corticosteroids by most patients 
was usually well within normal limits, and in those instances in which it was 
abnormal the variations from normal were small and did not show any consistent 
trend. The finding of low or low normal values for the urinary excretion of 17- 
ketosteroids in eases of leucemia is interesting even though the underlying 
mechanism remains obscure. It is known that a variety of factors can alter 
the excretion of 17-ketosteroids, and low values have been reported in cases of 
such pathologie conditions as liver disease, malnutrition, anemia, anorexia 
nervosa, malignant disease, diabetes, and marked physical fatigue. Moderately 
low values are frequently found in cases of chronic illnesses of all kinds. The 
only other similar study, to our knowledge, is that of Levin,* who studied the 
excretion of 17-ketosteroids in eight cases of leucemia. He described his results 
as equivocal, stating that three men and two women excreted definitely subnormal 
quantities, while two men and one woman excreted amounts within the normal 
range. 





*The range of values in the Biochemistry Laboratory at the clinic for normal men has 
been found to be 6 to 21 mg. in twenty-four hours with an average of 14 mg.; for women, 5 
to 17 mg. in twenty-four hours with an average of 10 milligrams. 
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The amounts of 17-ketosteroids and corticosteroids excreted by leucemic 
patients in this study were often markedly dissociated, a number of patients 
excreting subnormal amounts of the former despite normal or even slightly 
elevated excretion of corticosteroids. 

Effect of Aminopterin on the Urinary Excretion of Corticosteroids in Cases 
of 0.5 to 1.0 mg. of aminopterin 
a marked depression in the out- 


of Acute Leucemia.—The daily administration 
to six patients with acute leucemia resulted in 
put of urinary corticosteroids in three cases, a slight decrease in a fourth case, 
and no appreciable change from the original control levels in two cases (Tables 
ITI, IV, V, VI, and VII). 


EFFECT OF AMINOPTERIN ON THE DAILY EXCRETION OF URINARY CORTICOSTEROIDS 
AND 17-KETOSTEROIDS IN A CASE OF ACUTE LEUCEMIA* 


TABLE ITI. 




























































































NUMBER 
OF DAYS 
AFTER TOTAL 
URINARY | URINARY | INSTITU- DOSE 
CORTICO- | 17-KETO- | TION OF OF 
DATE OF STEROIDS | STEROIDS | AMINOP- | AMINOP- 
DETERMINATION, | (MG.IN | (MG.IN | TERIN TERIN 
1949 24 HR.) | 24 HR.) | THERAPY] (MG.) REMARKS 
Apr. 21-22 0.8 2 2 
May 5- 6 0.57 17 17 12 
May 15-16 2.1 27 15 
May 17-18 0.18 29 15.5 
May 25-26 0.0 me 16.5 Aminopterin discontinued. 
Final dose on June 3 
June 5- 6 0.0 48 19.5 Severe aminopterin toxicity, 
stomatitis, fever, abdominal 
pain 
June 17-18 0.61 | °° °&|~ 60 19.5 ACTH test (25 mg. pituitary 
ACTH) 
June 19-20 048 | 00 | 62 | 19.5 
June 21-22 0.33 64 19.5 
June 26-27 1.36 69 19.5 
June 27-28 1.36 70 19.5 
June 29-30 1.79 72 | #195 | Patient died June 30 





*The patient in this case was a woman, aged 56 years. 


The degree of depression in the output of urinary corticosteroids did not 
seem to correlate with the total dose of aminopterin. In two cases the output 
of urinary corticosteroids was depressed to levels usually encountered in cases 
of adrenal insufficiency. In one of these cases (Table III) the corticosteroids 
disappeared from the urine thirty-seven days after administration of aminopterin 
was started, at which time the patient had received a total dose of 16.5 mg. and 
showed evidence of aminopterin toxicity. A previous determination made seven- 
teen days after the institution of therapy, at which time the patient had been 
given 12 mg. of aminopterin, revealed that 0.57 mg. was being excreted in 
twenty-four hours. This was well within normal] limits. Thirteen days after 


the administration of aminopterin had been discontinued, there was again a 
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IV. EFFECT OF AMINOPTERIN ON THE DAILY EXCRETION OF CORTICOSTEROIDS AND 


17-KETOSTEROIDS IN THE URINE IN A CASE OF ACUTE LEUCEMIA* 




























































































































































































DAYS 
TOTAL AFTER 
MG. OF INSTITU- 
CORTICO- | 17-KETO- | AMINOP- TION OF 
DATE OF STEROIDS | STEROIDS TERIN AMINOP- 
DETERMINATION, (MG.IN | (MG.IN | ADMIN- TERIN 
1949 24 HR.) | 24 HR.) | ISTERED | THERAPY REMARKS 
~ May 18-19 i re eS ites 
~ May 19-20 1.04 
~ May 21-22 1.20 3.3 
~ May 24-25 0.77 ] ] Aminopterin therapy was 
begun May 24 
May 25-26 0.68 5.1 2 3 
~~ May 27-28 044 | | 4 4 
~ May 28-29 ~ 0.64 | ; 5 5 
~~ May 29-30 a 6 6 
May 31-June1| 0.68 8 8 
June 1- 2 0.48 — eo a. 9 
June 3- 4 0.69 11 1] 
June 4- 5 . oe 12 12 
June 5- 6 0.55 13 13 
~ June 7- 8 0.42 15 15 
~ June 8- 9 0.67 16 16 
~~ June 9-10 0.50 17 17 
June 10-1] 0.69 a 18 18 
June 11-12 0.75 19 19 
June 12-13 0.67 _ , @ 20 es 
~~ June 13-14. ~+| 0.79 2] 21 0~C« a 4 
June 15-16 0.90 ital 23 ee 
~~ June 18-19 -_ Dose of aminopterin raised 
to 2 mg. daily 
June 19-20 0.83 a 29 27.—=O aa ae, 
~ June 20-21 0.83 “! 31 28 ee 
~~ June 21-22 0.68 33 29 ae eee Og 
June 22-23 0.68 35 so; sas 
June 23-24 0.91 36 31 | Mild stomatitis ae 
June 24-25 0.91 37 32. ~«| eee ee 
~~ June 26-27 0.88 —~ | 2 T a re See 
June 28-29 . 36 Patient dismissed “a 

















*Patient was a man, aged 68 years. 








normal output of corticosteroids, indicating that recovery from the cytotoxic 


effects of the substance had occurred. 


A marked increase (to 1.79 mg. in twenty- 


four hours) in the output of corticosteroids, which occurred just prior to death 
in this case, probably could not be attributed to an effect of aminopterin. More 
likely it represents altered adrenocortical activity occurring as a counterpart 
of the severe terminal crisis of the illness inasmuch as aminopterin therapy had 


been discontinued twenty-three days before this value was obtained. 


In the other case, there was likewise a profound depression in the urinary 


excretion of corticosteroids, from a normal control level of 0.53 mg. in twenty- 
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TABLE V. 


DATE OF 
DETERMINATION, 











CORTICO- 
STEROIDS 
(MG. IN 


HANLON, 


EFFECT OF AMINOPTERIN 
17-KETOSTEROIDS IN THE 


MASON, AND STICKNEY 


ON THE DAILY EXCRETION OF CORTICOSTEROIDS AND 


URINE IN A CASE OF ACUTE LEUCEMIA* 






































































*Patient was a man, 


1949 24 HR.) 
~ June 3 | 0.50 | 
~ June 4 | 0.56 | 
| 
~ June 5 | 0.43 | 
June 6~ | 0.61 | 
June 7 | 0.47 | 
~ June 8 | 063 | 
~ June 9 +#| 0.63 
~ June 10 | 0.59 
June 12 0.46 | 
June 13 =| 0.33 5. 
June 14 ~=| =0.69 
June 15 0.69 
June 18 | 0.72 
~ June 19 #| 0.72 | 
‘June 22 0.40 | 
June 23-~—~—«||~—Ss«OO.40 
June 24. 0.66 | | 
June 26 0.55 = | 





this time was 19.0 milligrams. 





17-KETO- 

STEROIDS 
(MG. IN 

24 HR.) 








NUMBER 










































of three control determinations. 


aged 18 years. 


after the institution of therapy (Table VI). 














values obtained never were beyond the lower range of normal. 


appreciable reduction in urinary excretion of corticosteroids. 


OF DAYS 
AFTER TOTAL | 
INSTITU- DOSE 
TION OF OF 
AMINOP- | AMINOP- | 
TERIN TERIN | 
THERAPY | (MG.) | REMARKS 
.. 1 | Aminopterin therapy was be- 
gun with dose of 1 mg. daily 
2 > | ir ' _ ~ = ad oma i eit 
3. | 3 | 500 ce. of blood transfused 
4 ss oe 
5 5 , ape re 
eae — 
a aa 
9 9 | 
10 10 500 e.c. of blood transfused 
11 1] 
12 12 : 
- + ow icone unis 
16 16 
19 19 
20 | 20 500 ¢«.e. of blood transfused 
St ee aa 
oo. 


four hours to a value as low as 0.11 mg. in twenty-four hours, nineteen days 
The total dose of aminopterin at 


The administration of 1.0 mg. daily to a third patient (Table IV) similarly 
resulted in a marked reduction in excretion of corticosteroids, although the 
This case illus- 
trates the fact that even small amounts of the drug are capable of causing an 
The administra- 
tion of only 2 mg. of aminopterin resulted in an output of only 0.68 mg. in 
twenty-four hours, as compared with 1.16 mg. in twenty-four hours—the average 


The administration of an additional 2 mg. of 


excreted in twenty-four hours was 0.88 milligram. 


Determinations were made at almost daily intervals. 


aminopterin further reduced the output to 0.44 milligram. 


The patient sub- 
jectively tolerated the drug well and showed no obvious evidence of toxic effects. 


A gradual rise toward the 


control level occurred in the excretion of corticosteroids, so that thirty-four days 
after the institution of therapy (total dose, 39 mg.) the value for the amount 


In two cases there was no appreciable change in the daily output of urinary 
corticosteroids as compared with the initial control values, despite the administra- 
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TABLE VI. EFFECT OF AMINOPTERIN ON THE DAILY EXCRETION OF CORTICOSTEROIDS AND 


17-KETOSTEROIDS IN THE URINE IN A CASE 


OF ACUTE LEUCEMIA* 











NUMBER 



























































OF DAYS 
AFTER TOTAL 
INSTITU- DOSE 
CORTICO- | 17-KETO- TION OF OF 
DATE OF STEROIDS | STEROIDS | AMINOP- | AMINOP- 
DETERMINATION, (MG. IN (MG. IN TERIN TERIN 
1949 24 HR.) | 24 HR.) | THERAPY| (MG.) REMARKS 
~ July 8-9 0.53 | 3.2 1 1 Aminopterin begun July 8 
~ July 9-10 _— st | 2 2 
~~ July 12-13 —.| | 5 5 ——— 4 
~~ July 13-14 0.41 pial: 6 — i aia aati 
~— JSuly 14-15 0.64 i se oe a Giinharands 
July 17-18 0.57 | 10 10 
July 18-19 0.33 | 1 > 7 
~ July 20-21 0.14 ~ 13 7 
July 21-22 ti.) tvwetho emda ee 246 
July 24-25 —-_— | + = 17 a ee a or cs 
July 25-26 | 0.23 | ; 18 18 Po : 
~ July 26-27 =| «+011; «80 =| 19 19 ~~ 500 ¢.c. of blood transfused 
July 27-28 0.27 | | 20° 20 ; 
July 28-29 | 0.41 | | 21 ae ee 
“July 29-30. | | 22, 22 —-«|” ACTH test (25 mg. pituitary 
| ACTH) 
July 30-31 0.29 | iss 23 23 ee on Z pianis 
~ July 31-Aug.1| 012 > | | 24 24 wiiinicien ere mae 4 
Aug. 1-2 0.27 - | oo | & | : 
~ Aug. 2-3 | 0.27 | sé —_— ss.) : 
7 Aug. 3-4 a 0.30 | si 27 ~ 9 A.M, to 12 noon specimen— 
| 0.03 mg.; 500 ¢.c. of blood 
transfused 
Aug. 45 ~2~=3| ~ «(0.48 ~=C* ~ | 28 | 28 ihe Rid tit atin Saad 
Aug. 5-6 a (1.55 3.6 29 | #29 ACTH test 9 a.M. to 12 noon 
| specimen—0.19 mg. 
__ Aug. 6-7 || —«0.638—| “ fe | Oe atient dismissed 

































































*Patient was a woman, aged 73 years. 





tion of 25 mg. and 8 mg. of aminopterin respectively. 
exhibited any evidence of toxic reactions (Tables V and VII). 





Neither of the patients 


In an effort to determine what effect more prolonged administration of 
aminopterin might have on the output of urinary corticosteroids, single deter- 
minations were made on the urine of three other patients (ages 6, 3.5, and 16 
years) who had received 76, 84, and 98 mg. of the drug, respectively, over periods 
of 390, 350, and 151 days. The values obtained (0.21 mg., 0.25 mg., and 0.30 mg. 
for the amounts excreted in twenty-four hours) were within the normal range 
for children of these ages (Table VIII). 

In no instance did the administration of aminopterin to human beings defi- 


nitely result in an increased output of urinary corticosteroids, 


In two cases 


there was an increased output just prior to death, but it is doubtful that this 
increase was related directly to the administration of aminopterin, particularly 





since in one case administration of the drug had been discontinued twenty-three 
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TABLE VII. 
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EFFECT OF AMINOPTERIN ON THE DAILY EXCRETION OF CORTICOSTEROIDS AND 
17-KETOSTEROIDS IN THE URINE IN A CASE OF ACUTE LEUCEMIA* 
















DATE OF 
DETERMINATION, 
1949 


CORTICO- 
STEROIDS 
(MG. IN 
24 HR.) 















July 21-22 
July 25-26 
July 26-27 


July 27-28 
July 28-29 





July 31-Aug. 1 
Aug. 12 

Aug. 2-2 
Aug. 3-4 


~Y 








w 





July 30-31 


0.36 — 


0.30— 
0.82 — 


“0.51 
0.44 


0.51 
0.37 
0.33 
a 





0.44 of 




























TABLE VIII. 


*Patient was a woman, aged 49 years. 








| TOTAL 
| DOSE 
17-KETO- | DAYS OF | OF 
STEROIDS | AMINOP- | AMINOP- 
(MG. IN TERIN TERIN 
24 HR.) | THERAPY| (MG.) 
—_— tt TT. 
| 4 a | 
5 5 
7 6 i. 
f 7 
+) 8 
10 | 8 | 
1] | 8 | 
12 | 8 
13 8 | 


REMARKS 
Administration of daily dose 
of 1 mg. of aminopterin 

begun on July 22 








Extensive stomatitis. 
Aminopterin effect ?? 











EFFECT OF PROLONGED ADMINISTRATION OF AMINOPTERIN ON THE DAILY 








17-KETO- 
STEROIDS 
(MG. IN 
24 HR.) 


























cortical activity. 





| CORTICO- 
| STEROIDS 
AGI (MG. IN 
CASE (YR. ) | 24 HR.) | 
29 16 0.30 
30 3% | 025 — 
31 6 | 0.21 


immediately preceded both deaths. 


terin was being administered. 





2.7 





COMMENT 


EXCRETION OF CORTICOSTEROIDS AND 17-KETOSTEROIDS IN URINE IN THREE 
CASES OF ACUTE LEUCEMIA 








NUMBER OF 
DAYS AFTER 
| INSTITUTION 
| OF AMINOP- 


TOTAL 
DOSE OF 
AMINOPTERIN 








| TERIN THERAPY (MG. ) 
_ = __— 
~ 350 | 84 7 
j | 76 


390 





days before the rise was noted; in the other, a sudden augmentation from 0.5 mg. 
to 0.96 mg. occurred on the day the complication, perisplenitis, occurred. 


The 


terminal rise in the output of corticosteroids in these two patients was more 
likely associated with the pneumonia and acute perisplenitis, respectively, which 


The interpretation of results in a study such as this is rendered difficult by 
the fact that the excretion of urinary steroids is altered by a number of non- 
specific variable factors, many of which are poorly understood. 
with acute leucemia included in this study were all seriously ill, and many had 


The patients 


major complications of the disease, factors which could result in altered adreno- 
Intake of food was not curtailed significantly while aminop- 


The depression of urinary excretion of corticosteroids after administration 
of aminopterin may result from one or more of three possible causes: (1) the 
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cytotoxic effect of aminopterin on the adrenal cortex with reduced activity of 
this gland, (2) a toxic effect on the pituitary body with failure of its adreno- 
corticotropic function, and (3) altered metabolism of cortical hormones. 

In one case, a marked augmentation of excretion of corticosteroids occurred 
in response to the administration of 25 mg. of exogenous pituitary adrenocortico- 
tropic hormone at a time when the patient’s output of urinary corticosteroids 
was markedly depressed as a consequence of administration of aminopterin. 
This result indicates that the adrenal cortical cells were still capable of respond- 
ing to stimulation and suggests that in this case, at least, administration of 
aminopterin had effected a depression of the adrenocorticotropie function of the 
anterior pituitary. The increased excretion of corticosteroids also indicates 
that neither the disease nor the administration of aminopterin had affected 
significantly the processes involved in the metabolism or excretion of adrenal 
hormones and their derivatives which were measured. 

The results of this study do not throw any light on the mechanism of action 
of aminopterin, but they do show, within the limitations of these measurements, 
that the amounts of aminopterin used in the treatment of leucemia did not cause 
a significant increase in adrenocortical function. On the contrary, there was 
evidence of decreased adrenocortical function in four of six cases. 


SUMMARY 


The excretion of urinary corticosteroids in twenty cases of untreated acute 
leucemia varied from 0.2 mg. to 1.29 mg. in twenty-four hours, being within 
normal limits in fifteen cases. Slightly elevated values were obtained in four 
cases, and there was a subnormal value in one case. The urinary excretion of 
corticosteroids in eight cases of chronic leucemia was found to be normal in all 
instances. 

The urinary excretion of 17-ketosteroids was found to be low in thirteen 
cases of acute leucemia and at the low range of normal in one case. Low values 
were also found in four cases of chronic leucemia. 

The administration of the usual therapeutic doses (0.5 to 1.0 mg. daily) of 
aminopterin in six cases of acute leucemia resulted in a marked depression in 
the urinary output of corticosteroids in three cases and a slight depression in 
one case. No appreciable change from the control levels was observed in the 
two remaining cases despite the administration of 23 mg. and 8 mg. of aminop- 
terin respectively. In one case, corticosteroids disappeared completely from 
the urine of a patient who had received a total dose of 16.5 mg. of aminopterin. 

The marked augmentation in the excretion of corticosteroids following the 
administration of exogenous adrenocorticotropic hormone to one patient who 
was secreting subnormal amounts while receiving aminopterin suggests that 
the diminished adrenal cortical secretory activity may be secondary to a de- 
pression of pituitary adrenocorticotropic function. 
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MEASUREMENT OF EFFECTIVE BLOOD FLOW TO TISSUE AS 
RECORDED BY CHANGING ELECTRICAL RESISTANCE 


Rosert BircHaui, M.D.,* Roperr T. Nieset, PH.D.,t+ 
WALTER J. TRAUTMAN, JR., M.D.,* Joun M. Miazza, M.S.,t 
WituiAM 8. Jacoss, M.D.,* Water C. Byrne, JR., B.E.E.,t AND 
Horst B. Hatcn, M.D.% 

New ORLEANS, La. 


SIMPLE, reliable method of measuring blood flow to an extremity has 

long been sought. The chief obstacle in this search has been the necessity 
for devising a method that is capable of separating the effective blood flow to 
the muscle from that to the subcutaneous tissue. 

One of the ultimate functions of blood flow is to insure the rapid avail- 
ability of ions to tissue. Hence, it should be possible to express the rate of 
blood flow to a tissue in terms of the rate at which ions are delivered to it. Since 
the electrical resistance of a dilute solution varies inversely with its ionie con- 
centration, it can be assumed that the injection of a nonelectrolytic solution into 
any tissue will result in a temporary decrease in its ionic concentration and a 
proportionate increase in its resistance to the passage of an electrical current. 
Ions, initially derived from surrounding tissue fluid but ultimately and _ pri- 
marily contributed by the blood stream, will then diffuse into that solution until 
ionic equilibrium with the plasma is attained. Hence, it is logical to expect 
that the rate at which the resistance of such a solution falls will be a function 
of the rate at which ions enter it, and when plotted against time, will serve 
as a measure of the effective blood flow to the tissue under scrutiny. 


APPARATUS 


Two No. 21 bore needles, which serve as electrodes, are inserted through specially 
designed Lucite holders (Figs. 1 and 2) into the tissue in which the blood flow is to be 
determined. Connected in series with the two electrodes is a sensitive, approximately linear, 
1,000 cycle, A. C. ohmmeter (Fig. 3) which is so connected to a Brown potentiometer that 
an increase in resistance produces a deflection up scale. Fig. 4 is a photograph of the 
electrical circuit of the ohmmeter. ‘The potentiometer paper is divided horizontally into 
thirty-second intervals for recording time and vertically into one hundred divisions for record- 
ing ohms. The zero line on the vertical axis has no mathematical significance, but a simple 
calculation (v.i.) permits extrapolation to true zero resistance. 

A preliminary experiment, designed to test whether changes in resistance could be cor- 
related in vitro with changes in rate of flow, was performed with the aid of an apparatus so 
constructed that the rate of inflow of any solution could be controlled at will (Fig. 5). A 
small, porous, ceramic cup was suspended in a 250 ¢.c. beaker provided with a oneflow cup. 


_. From the Departments of Internal Medicine* and Biophysics,+ Tulane University of 
Louisiana, School of Medicine, and the Department of Internal Medicine,* Ochsner Clinic. 
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_ Part of a thesis to be submitted in partial fulfillment of requirements for Master of 
Medical Science degree, Tulane University of Louisiana. 
Received for publication, July 22, 1950. 
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The cup contained and was surrounded by small beads whose function was to scatter the in- 
flowing stream into multiple smaller streams. A reservoir of normal saline solution was 
attached through rubber tubing to the inflow opening of the beaker, the speed of inflow being 
controlled by an adjustable clamp. The outflow opening led through rubber tubing to a 








Fig. 1.—Lucite holder used for fixing needle electrodes in muscle. 
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Fig. 2.—Lucite holder used for fixing needle electrodes in subcutaneous tissue. 


graduated cylinder; this permitted an accurate estimate of the volume of fluid passing through 
the system per unit time. ‘Two electrodes were placed in the crucible, a nonelectrolytic 
solution was injected between them, and the resulting changes in resistance were recorded on 
the Brown potentiometer. 











Fig. 3.—Apparatus used for recording 
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METHOD 


All curves except those obtained by the use of the controlled flow apparatus were 
obtained on healthy mongrel dogs ranging in weight from 12 to 16 kilograms. Each dog 
had been subjected to left lumbar sympathectomy, the right hind extremity having been left 
intact for purposes of comparison. The dogs, anesthetized by the intravenous administration 
of pentobarbital sodium, were placed in the supine position on the animal table. Care was 
taken on each occasion to place them as nearly as possible in the same position. Their legs 





Fig. 5.—Controlled-flow apparatus. 


were tied loosely in order not to obstruct blood flow, and either the right or left hind thigh 
was used as the site of injection. The needles (electrodes) were inserted through the ap- 
propriate Lucite holder into the tissue to be studied, and the electrical circuit was completed. 
After a wait of a variable length of time for the electrical resistance of the tissue to become 
constant, the nonelectrolytic solution was rapidly injected through each needle, and the re- 
sultant changes in resistance were recorded for a period of approximately twenty minutes. 
Experience with many solutions and with varying amounts of each solution indicated that a 
5 per cent solution of dextrose in distilled water was the most satisfactory nonelectrolytic 
solution, and 0.25 ¢.c. was the smallest volume of solution which, when injected rapidly into 
each needle, produced readable and reproducible curves. On completion of each test a decade 
resistance box was substituted for the needle electrodes in order to permit conversion of the 
potentiometer deflections into ohms, 
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ANALYSIS OF THE RESISTANCE-TIME CURVES 
1. Injection of an Electrolytic Solution Into Muscle——Fig. 6 is a photograph of the 
changes in resistance that follow injection of isotonic saline solution into the gastrocnemius 
muscle of a normal human subject. Inspection of the curve shows an immediate sharp fall 
in resistance followed by an extremely gradual increase in resistance for a period exceeding 
one hour, the resistance remaining at a considerably lower level than that recorded initially. 

































































Fig. 6.—Resistance-time curve obtained when isotonic saline solution is injected into the muscle. 


2. Injection of a Nonelectrolytic Solution Into Muscle.—The photographed curve shown 
in Fig. 7 indicates that after injection of a 5 per cent solution of dextrose in distilled 
water there is an initial sharp increase in resistance followed immediately by an almost 
equally sharp decrease in resistance lasting for ten to thirty seconds. The resistance 
then continues to decrease at a progressively slower rate, becomes Jess than the initial 
resistance (crosses the base line) in two to five minutes, and finally attains a relatively 
constant value fifteen to twenty minutes after injection. This final resistance is com- 
parable to that obtained more quickly following injection of isotonic saline solution. The 
actual magnitude of the changes in resistance was variable, regardless of whether it was 
expressed by an absolute measure or as a percentage change. It was partially conditioned 
by the amount of fluid injected but was neither completely controllable nor reproducible. 

These observations suggest that the three main factors in determining the shape of the 
curve are, in order of their appearance: 

(1) An initial mechanical displacement and rearrangement of tissue by the injected 
fluid. In the case of isotonic saline solution, an electrolyte, this is expressed by a sudden 
sharp decrease in resistance. In the case of a 5 per cent solution of dextrose in distilled 
water, a nonelectrolyte, it is expressed by a sudden sharp increase in resistance. 

(2) A less rapid diffusion of the fluid along tissue planes coupled with relief of the 
mechanical distention. This produces an opposite change in resistance and, in the case of a 
5 per cent solution of dextrose in distilled water, is complicated by the uptake of ions avail- 
able in the surrounding fluid and tissue spaces. This effect is apparently completed within 
ninety seconds. 
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3) A fairly stable mechanical or geometric arrangement of the fluid-tissue-electrolyte 
system seems to be obtained after ninety seconds. This results in small changes in resistance 
over a long period of time in the case of isotonic saline solution, and in a gradual uptake of 
ions from the blood until equilibrium is reached in the case of the 5 per cent solution of 
dextrose in distilled water. 





Fig. 7.—Resistance-time curve obtained after the injection of 0.25 c.c. of 5 per cent solution of 
dextrose in distilled water into the thigh muscle of a dog. 


In view of these observations, a simple, satisfactory method for analyzing the re- 
sistance-time curves produced by the injection of a 5 per cent solution of dextrose in distilled 
water, and for relating them to the effective blood flow in the tissue, can be predicated on 
the following assumptions: 


(1) That the purely mechanical effect of the injection is concluded in the first ninety 
seconds. All subsequent changes in resistance are caused by a net increase in the number 
of ions in the fluid bleb, these ions being now received exclusively from the circulating blood. 

(2) That the rate of exchange of ions between the blood and the injected fluid, per 
unit volume of the bleb and tissue in the injected site, depends directly to the first power 
on the rate of blood flow through a unit volume of tissue in the area of injection. 

(3) That the electrical resistance between the needle electrodes is comprised of two 
parallel resisting systems: the first consists in the resistance across the skin and the tissues 
unaffected by the injection, and is of constant value, and the second consists in the resistance 
of the affected area. 


From these basic assumptions one of us (J.M.M.) has shown that the following equa- 
tion can be used to represent, as a function of time, either the concentration of ions in the 
bleb or the total conductivity between the needles. 

C—C,-(C,-C,)e-At 


C = Instantaneous total conductivity or ionic concentration in the bleb 
C,; = Total final conductivity or final ionic concentration in the bleb 
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C, = Total initial conductivity or initial ionic concentration in bleb 

e = Base of natural logs 

\ = The ratio that exists between the number of ions that enter a unit volume of tissue 
fluid per second and the number of ions in a unit volume of plasma. Therefore, the number 
of ions available to a unit volume of tissue fluid per second equals \ times the number of 
ions in a unit volume of plasma. 


(= Tame 
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Fig. 8.—Analysis of resistance-time curve. Determination of \. 


A simple yet satisfactory method of analyzing any individual curve consists in obtain- 
ing a value for the exponent lambda, which represents a constant in any one experiment. 
Since it is directly related to the availability of ions to the tissue, it serves as a measure of 
effective blood flow to the tissue. It is obtained in the following manner. 

Excluding from consideration the initial ninety seconds of the curve, three points at 
equal time intervals (t) are selected on the curve (Fig. 8). Lambda is then expressed by 
the formula: 





n_@2 — & 
C, - C, 
= /see. 
At 


C,, C,, and C, are the values of the electrical conductivity read at the selected points 
1, 2, and 3 on the time scale; 

t is the time interval between points 1 and 2 and 2 and 3 expressed in seconds; and 

In is the natural logarithm. 

It is clear that any given deflection, as recorded on the curve, is proportional to re- 
sistance only when it is related to the point of true zero resistance (infinite conductivity). 
This point does not coincide with the zero on the chart paper but can be readily determined 
by inserting a decade resistance box in place of the two electrodes. Therefore, it is necessary 
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to add the calculated zero resistance value to the value of the potentiometer readings at the 
three points selected. This total is now proportional to resistance and hence inversely pro- 
portional to conductivity. Thus, the equation becomes: 














1 1 
ine 22 + K me * : K 
tz 2 +E 
A= /sec. 
At 


R,, R,, and R, are simply the number of chart divisions indicated at the three points 
selected. 

K is a constant equal to true zero resistance. 

\ can be measured more accurately by selecting three points at equal time intervals 
on the curve and, with the aid of a sensitive decade resistance box, determining the actual 
resistance in ohms of each point. The equation now becomes: 











] 1 
R, R, 
Ine 1 i 
R, R, 
A= /see, 
At 


R,, R,, and R, now represent the actual resistance in ohms at the three points selected. 


RESULTS 


Fig. 9 is a photograph of two curves obtained with the controlled-flow 
apparatus. They are included simply to indicate that in vitro a relationship 
exists between the rate of flow and the rate at which the resistance of a non- 
electrolytic solution decreases. 

Fig. 6 is a photograph of a resistance-time curve. obtained when isotonic 
saline solution is injected into the muscle. The sudden sharp decrease in re- 
sistance is followed by a relatively slow increase in resistance that is still far 
below the initial resistance and persists for periods exceeding one hour. 

Fig. 7 is a photograph of a typical resistance-time curve obtained by the 
injection of 0.25 ¢.c. of a 5 per cent solution of dextrose in distilled water into 
each of two needle electrodes introduced into the thigh muscle of an anesthetized 
dog. The calculated lambda is included in the data in the lower right hand 
corner of the illustration. 

Fig. 10 is a photograph of a curve obtained in similar fashion with the 
exception that 2 ¢.c. of a 5 per cent solution of dextrose in distilled water were 
injected into each needle. As mentioned previously, if a larger amount of fluid 
is injected, the magnitude of the change in resistance tends to increase, but the 
shape of the curve is unaltered. The use of amounts larger than 0.25 c.c. per 
needle was discontinued because of greater mechanical distention of tissue, and 
because such amounts would be impractical in human subjects. Amounts 
smaller than 0.25 ¢.c., when injected into muscle, did not consistently produce 
readable curves and consequently were discarded. 
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Fig. 9. 





Curve obtained with controlled-flow apparatus. Relationship between rate of flow and 
rate of change of electrical resistance. 


t 


Fig. 10,—Same as Fig. 7 except for change in volume injected from 0.25 c.c. to 2 cc 5 
per cent solution of dextrose in distilled water. 
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Fig. 11.—Curve obtained following the subcutaneous injection of 0.1 c.c. of 5 per cent solution 
of dextrose in distilled water in a human patient. 





Fig. 12.—Curve obtained by the usual technique in the thigh muscle of a dog during and 
after occlusion of the abdominal aorta. 
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Fig. 11 is a photograph of a curve obtained by injecting 0.1 cc. of a 5 
per cent solution of dextrose in distilled water into the subcutaneous tissue of 
the calf of a patient. 

Table I summarizes the results of twenty-two curves obtained on the ex- 
tremities of three dogs. All curves were obtained over a six-month period by 
the same technique and under conditions as nearly constant as possible. It ean 
be seen from the table that the relative blood flow to the muscle of the normal 
leg, expressed as lambda, averaged 2.68 + 0.18, or a standard deviation of 6.7 
per cent. The values for lambda obtained on the sympathectomized extremity 
ranged from 1.04 x 10-*/see. to 3.58 x 10-*/see. 


TABLE I, VALUES OF RELATIVE BLOOD FLOW IN NORMAL AND SYMPATHECTOMIZED EXTREMITIES 





LAMBDA _ 

















DOG CURVE | NORMAL | SYMPATHECTOMIZED 
] ii 2.96 x 10-3/sec. 1.04 x 10-3/see. 
I] 2.66 x 10-3/see. 187 x 10-3/see. 
IT] 2.53 x 10-3/see. 2.09 x 10-3/see. 
IV 2.75 x 10-3/see. 2.15 x 10-3/sec. 
V 2.39 «x 10-3/sec. 2.78 x 10-3/see. 
2 I 2.84 x 10-3/see. 2.36 x 10-3/sec. 
I] 2.68 x 10-3/see. 2.50 x 10-3/see. 
ITI 2.84 x 10-3/sec. 3.58 x 10-3/see. 
3 I 2.75 x 10-3/see. 3.23 x 10-3/see. 
IT 2.36 x 10-3/see. 2.76 x 10-3/sec. 
ITT 2.78 x 19-3/see. 2.68 x 10-3/sec. 
Average 2.68 + 0.18 x 10-3 
= 6.7%) 





Fig. 12 is a photograph of the curve obtained from the thigh muscle of a 
dog whose aorta had been mobilized through a retroperitoneal approach. It 
indicates that when the aorta was occluded with a Kelly clamp, lambda ap- 
proached zero. The lambda of 5.5 x 10-*/see. obtained immediately after re- 
lease of the aorta is a reflection of reactive hyperemia, since the normal pre- 
operative value of lambda for that particular dog was 2.75 x 10°*/see. 

When the potentiometer deflections were calibrated with a decade re- 
sistance box, the actual electrical resistance of the doe muscle was found to 
range from 230 to 370 ohms, with an average value of 330 ohms. 


DISCUSSION 


This proposed method of measuring one function of the effective blood flow 
to the tissue of an extremity has the advantages not only of being simple, rapid, 
and relatively economical, but also of requiring neither elaborate equipment nor 
special skill. It is based on the fundamental assumption that, after the first 
ninety seconds, the rate of decrease of the resistance of a nonelectrolytie solu- 
tion injected into the tissue of an extremity is a direct function of the rate at 
which ions are delivered to it by the circulating blood, and therefore constitutes 
a measure of the effective blood flow to that tissue. 

The results presented in this paper are primarily concerned with measure- 
ment of blood flow to the thigh muscle of a dog. A photograph of a Lucite 
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holder designed for measuring blood flow to the subcutaneous tissues by the 
same method is included, as is a photograph of one curve obtained from the 
subcutaneous tissue of a patient (Fig. 11). It demonstrates the feasibility of 
obtaining almost simultaneous curves from the muscle and subcutaneous tissue 
of the same extremity. 

Table I indicates that the results obtained over a period of time and under 
reasonably standard conditions on normal extremities of different dogs are 
sufficiently constant to accede the point of reproducibility. The results obtained 
on the sympathectomized extremities of the same dogs indicated a greater range 
of values and, in general, a decreased effective blood flow to the muscle. The 
sole purpose of including these figures is to demonstrate that a procedure which 
ean be expected to alter blood flow actually does produce a lambda different 
from that obtained in the normal leg of the same dog. No other significance is 
now intended, for we lack sufficient interest in the blood flow of a dog, per se, to 
warrant our establishing in detail its normal range under fixed standard con- 
ditions. In the absence of that information further conclusions could not be 
validated. 

In order to demonstrate further that an alteration of blood flow is re- 
flected by an alteration of lambda, the curve photographed in Fig. 12 was ob- 
tained. The preoperative lambda had been recorded as 2.75 x 10-*second. 
Occlusion of the aorta for five minutes resulted in an almost horizontal line 
whose lambda approached zero. This suggests that when the blood flow to an 
extremity is occluded, the electrical resistance of an injected solution remains 
almost constant, and supports the thesis that after the first ninety seconds 
have elapsed virtually all the ions which effect ultimate equilibrium between 
an injected solution and the circulating blood will be derived from the blood 
itself, and not from those ions already present in the surrounding fluid and 
cells. Furthermore, since no tourniquet was used and neither venous nor 
lymphatie channels were occluded, it would suggest that neither mechanical dif- 
fusion nor flow of lymph played a significant role in determining the shape of 
the curve during the experiment. Release of the aorta after five minutes of 
occlusion produced the expected reactive hyperemia as demonstrated by the 
relatively high lambda of 5.5 x 10°? second. This experiment, then, would tend 
to confirm the basic assumptions upon which the method is based, as well as to 
demonstrate that cessation of blood flow results in virtual cessation of ioni¢ 
exchange, whereas resumption of blood flow is followed by a more rapid influx 
of ions from the circulating blood consistent with reactive hyperemia. 

In connection with our basic assumptions, it is of interest to note that 
Stone and Miller* recently demonstrated that the lymphatic system of the 
dog’s hind extremity does not play a significant role in the mobilization of 
injected radioactive sodium, and that radioactive sodium so injected does not 
diffuse along tissue planes beyond the size of a well-shielded Geiger-Miiller tube. 

This method was devised primarily as a physiologic tool with which to 
evaluate the effect of sympathectomy and of various drugs on effectively and 


*Stone, P. W., and Miller, W. B., Jr.: Mobilization of Radioactive Sodium From the 
Gastrocnemius Muscle of the Dog, Proc. Soc. Exper. Biol. & Med. 71: 529, 1949. 
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predictably altering the blood flow to the skin and subcutaneous tissue of an 
extremity. Whether it will have the additional value of aiding in the clinical 
evaluation of the vascular status of a patient with peripheral vascular disease 
remains to be demonstrated by further observations on human beings under 
more rigidly controlled conditions. 


SUMMARY AND CONCLUSIONS 


A method of measuring effective blood flow to a tissue by recording ion 
availability in terms of changing electrical resistance is described in detail. 

The normal blood flow to the thigh muscle of a dog, as determined by this 
procedure, is compared with the alteration of blood flow induced by unilateral 
lumbar sympathectomy and by temporary aortic occlusion. Unilateral lumbar 
sympathectomy produced a variable but significant alteration of the blood flow. 
Obstruction of the aorta produced virtual cessation of ionic exchange, followed, 
after release of the aorta, by a sudden reflux of ions consistent with reactive 
hyperemia. 

A photograph of the curve obtained from the subcutaneous tissue of a 
patient has been included in order to demonstrate the feasibility of separately 
recording the effective blood flow to the muscle and subcutaneous tissue of an 
extremity. 

It is suggested that this method should prove to be of singular value in de- 
termining the effective blood flow to the muscle and subcutaneous tissue of an 
extremity under diverse conditions. 











THE EFFECT OF COMBINATIONS OF ANTIBIOTICS 


ON ENTEROCOCCI IN VITRO 


JANET B. GUNNISON, M.A., ERNEST JAWETZ, M.D., AND VircintA R. COLEMAN, A.B. 
San FRANcisco, CAuir. 


FY EROCOCCI cause persistent infections in man, notably subacute bacterial 
endocarditis and urinary tract infection, usually not cured by either peni- 
cillin or streptomycin.’ * Aureomycin often suppresses urinary infection but 
rarely cures enterococcal endocarditis.*° Combined therapy with penicillin 
and streptomycin is frequently curative in such endocarditis.” &1 22 

In vitro, enterococci are inhibited by high concentrations of penicillin but 
are killed more slowly than other streptococci.12** For some strains there is an 
‘optimal zone’’ of penicillin concentrations below and above which there is less 
bactericidal action.’* 14 Streptomycin, aureomycin, and chloramphenicol inhibit 
the growth of small inocula of enterococci in the test tube.’ 

Apparent synergistic action against enterococci in vitro occurs with peni- 
cillin and gramicidin,’ penicillin and bacitracin,’® and penicillin and strepto- 
mycin.’* 17 An apparent antagonistic effect of chloramphenicol on the action of 
penicillin against enterococci in vitro was reported in a preliminary note.’’ 

In the present study penicillin, streptomycin, aureomycin, and chloram- 
phenicol were tested in vitro, singly and in mixtures, for their bacteriostatic 
and bactericidal effect on large populations of enterococci. 


99 


MATERIALS AND METHODS 


Five strains of enterococci recently isolated from the blood of persons with subacute 
bacterial endocarditis and twelve from the urine of persons with urinary tract infection were 
tested. Strain 16 from a patient with endocarditis was kindly supplied by Dr. L. A. Rantz.9 
All cultures corresponded to the description of Sherman.19 Thirteen were Streptococcus 
faecalis and four were Streptococcus liquefaciens. 

Commercial preparations of crystalline sodium penicillin G (1 mg. — 1,650 units) and 
of crystalline streptomycin sulfate were used. Generous amounts of crystalline aureomycin 
hydrochloride (No, 7-9225) were kindly supplied by Dr. 8. Hardy (Lederle Laboratories) 
and of crystalline chloramphenicol (Chloromycetin Rx 117344, lot #129416) by Dr. G. 
Rieveschl (Parke, Davis and Company). Solutions of the antibiotics were freshly prepared 
in 0.85 per cent sodium chloride solution buffered at pH 7:2. The chloramphenicol solution 
was sterilized by Seitz filtration. 

The technique varied in several respects from that usually employed. Inocula were 
large, 108 to 109 organisms, increasing the probability that resistant forms might be 
present.17,18 Inocula were taken from cultures beyond the logarithmic phase, 18 to 20 hours 
old, perhaps more resistant to penicillin than younger cultures. Tests were made over 4 
period of fourteen to twenty-eight days, permitting observation of delayed effects. Sub- 
cultures or plate counts were made to determine the rate of bactericidal action. 





*From the Division of Bacteriology, University of California, School of Medicine. 

With the assistance of Marjorie J. Abbott and Elizabeth W. Jahn. 

Supported in part by a grant from the Research Committee of the University of Cali- 
fornia, School of Medicine. 
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In the first method, the (joint) effect of antibiotics was measured in terms of the 
amounts of penicillin required to inhibit or kill enterococci when combined with other anti- 
hioties as compared with the amounts required when acting by itself (Table I). The tech- 
niques and the interpretation of results were those previously reported.14 

The resistance of organisms surviving exposure to penicillin, either alone or in combi- 
nation with streptomycin, was retested after recovering them in subculture. 

In the second method, the joint effect of antibiotics was measured in terms of bactericidal 
rate. The population of viable bacteria was estimated by plate counts (Figs. 1 to 5). Peni- 
cillin in the optimal concentration (6 wg per milliliter) for enterococcus strain 16 was mixed 
with 2 to 50 wg of the other antibiotics in total volumes of 20 ml. of broth. Samples 
0.5 ml. were removed at intervals for counts. 

The effects of single antibiotics were recorded in terms of: (1) the ‘‘statie’’ concen- 
tration (minimal initial concentration preventing visible growth for four days), and (2) the 
‘‘lethal’’ concentration (minimal initial concentration killing more than 99.999 per cent of 
the organisms within twenty-eight days). For penicillin, the ‘‘optimal’’ concentration was 
determined, i.e., the initial concentration producing the most rapid rate of death during the 
first forty-eight hours of exposure but not necessarily killing all the organisms. No such 
optimal concentration was observed with other antibiotics, The action of penicillin combined 
with other antibiotics was measured in terms of effective static and lethal concentrations of 


venicillin and in terms of bacterial death rates. 
nicillin and t f bact 1 death rat 


TABLE I. THE JOINT ACTION OF PENICILLIN WITH STREPTOMYCIN, AUREOMYCIN, AND 
CHLORAMPHENICOL ON ENTEROCOCCUS (STRAIN 16) 
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RESULTS 

Effect of Single Antibiotics—The results obtained with penicillin are 
shown in Table I and Fig. 1. With different strains, static concentrations ranged 
from 6 to 15 pg per milliliter. Tubes remaining clear for several days usually 
contained from 200 to over a million viable organisms per milliliter. As in- 
cubation continued, the bacteria sometimes multiplied to the point of turbidity 
as the penicillin deteriorated; sometimes they decreased gradually until the 
medium became sterile; or often they remained at a low level for twenty-eight 
days, producing turbidity only after the addition of penicillinase. Lethal con- 
centrations, ranging from 15 to over 300 pg per milliliter with different strains, 


therefore varied in repeated tests. 
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Fig. 1.—Effect of different concentrations of penicillin on enterococci in vitro. ‘‘Optimal” 
concentration = 6 wg per milliliter. Organisms surviving for twenty-eight days in high con- 
centrations of penicillin (‘‘persisters’’) multiply after addition of penase. 





° 

The rate of deterioration of penicillin was measured by testing filtrates of 
penicillin dilutions inoculated with enterococci periodically during incubation 
by the serial dilution technique against sensitive bacteria (Fig. 1). None of the 
strains produced penicillinase. 

‘With ten strains, penicillin showed an optimal zone (Table I, Fig. 1). 
Although optimal concentrations (6 to 30 wg per milliliter) had maximal bac- 
tericidal rates for two to three days, a few viable organisms usually persisted 
which subsequently produced visible growth. Higher concentrations, with 
slower bactericidal rates, often sterilized the medium after seven to twenty- 
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‘4 


eight days. The rate of bactericidal action above the optimal zone decreased as 
the concentration of the drug was increased. However, the highest concentration 
was most likely to sterilize the medium eventually. 

For streptomycin, the static concentrations ranged from 250 to over 1,000 
pg per milliliter; for aureomycin and chloramphenicol, from 50 to 100 pe per 
milliliter. Streptomycin had no demonstrable effect in concentrations below 250 
pg per milliliter. Chloramphenicol (10 to 50 ug per milliliter) interfered some- 
what with the rate of multiplication. Aureomyein (10 to 100 yg per milliliter) 
had a definite early bactericidal effect, reducing the population temporarily to 
less than 10,000 organisms per milliliter, but it failed to sterilize the cultures in 
concentrations below 250 to 500 vg per milliliter. 
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Fig. 2.—Joint effect of penicillin in ‘optimal’ concentration and_ streptomycin or 
aureomycin on enterococci in vitro. Synergistic effect of penicillin plus streptomycin. Antago- 
nistic effect of penicillin plus aureomycin. 


Joint Effect of Two Antibiotics—Penicillin and Streptomycin: Strepto- 
mycin modified the action of penicillin (Table I, Fig. 2). Both bacteriost:tic 
and bactericidal effects were enhanced. The static concentrations of penicillin 
were reduced to one-fourth. Lethal concentrations were reduced to as much as 
one-twentieth. The optimal zone observed with penicillin alone no longer ap- 
peared; with streptomycin, high concentrations of penicillin were as effective 
as optimal concentrations. The bactericidal rate was increased. Consequently, 
viable organisms less often persisted to produce visible growth after inactivation 
of the penicillin. The bactericidal action of the two antibiotics was more rapid 
against strain 16 than against strain 17; the former strain came from a patient 
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cured of endocarditis by combined therapy with these drugs® and the latter 
from a patient in whom this treatment failed. Three of the strains against 
which the combined drugs had little effect were from patients who had been 
treated unsuccessfully with streptomycin. 

When streptomycin was added after the culture had been incubated in the 
presence of penicillin for several days the joint effect was still noted, provided 
the residual penicillin had not dropped below the static concentration (Fig. 3). 
Within two hours after the addition of streptomycin the number of viable 
organisms dropped sharply. This immediate acceleration of bactericidal rate 
was always observed unless streptomycin was added after deterioration of peni- 
cillin had permitted multiplication of persisting enterococci, at which point 
there was no effect. However, if streptomycin was added late (forty-eight to 
seventy-two hours after penicillin) sterilization of the culture was less likely. 
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Fig. 3.—Joint effect of penicillin in ‘optimal’ concentrations and streptomycin on entero- 
cocci in vitro. Streptomycin added simultaneously, after twenty-four hours, and after forty- 
eight hours. 

The action of penicillin and streptomycin against eleven of the strains of 
enterococci was more than additive, and probably synergistic. Although 
streptomycin alone had no effect and optimal concentrations of penicillin alone 
showed the maximal bactericidal rate, the two drugs were more rapidly and 
completely effective than either alone (Table I, Fig. 2). In the presence of 
penicillin, the effect on the bactericidal rate increased directly with the con- 
centration of streptomycin in the range tested. In terms of either lethal con- 
centration or bactericidal rate, there seemed to be at least a fourfold potentiation 
of penicillin action in the presence of streptomycin. 

Although streptomycin was ineffective against 10 million organisms per 
milliliter, it conceivably might be effective against the 100 to 1,000 organisms 
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which survived in the presence of penicillin. Accordingly, streptomycin alone 
(25 wg per milliliter) was tested against inocula of 20 to 2,000 enterococci per 
milliliter. Streptomycin failed to inhibit these small inocula; there was no 
significant difference in multiplication rate as compared with that in broth with- 
out antibiotics. 

The ‘‘persisters,’’*° viable after exposure to penicillin, conceivably might 
have a higher sensitivity to streptomycin than the original population. Per- 
sisters were retested with penicillin and streptomycin alone and in combination. 
There was no increase in resistance to penicillin nor in sensitivity to streptomycin 
on the part of the offspring of persisters relative to offspring of the original 
parent culture. The inhibition of mutants resistant to penicillin apparently 
does not account for the effect of streptomycin. 
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_Fig. 4.—Joint effect of penicillin in ‘optimal’ concentrations and chloramphenicol in 
varying concentrations on enterococci in vitro. Degree of antagonism is proportional to added 
concentrations of chloramphenicol, 


Pemcillin and Aureomycin: The addition of aureomycin reduced the static 
concentration of penicillin; growth appeared later than was the case with either 
drug alone (Table I, Fig. 2). However, with most strains growth eventually 
occurred in higher concentrations of penicillin with aureomycin than without it. 
In the usual sensitivity test, observed in forty-eight hours or less, the effects of 
the two drugs appeared at least additive ; but in tests observed for longer periods, 
the effects appeared to be antagonistic. The lethal concentration of penicillin 
was usually slightly raised by the addition of aureomycin. The rate of bacteri- 
cidal action with optimal concentrations of penicillin was reduced by aureomycin 
(Fig. 2). No optimal zone was observed. 
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Penicillin and aureomycin were antagonistic in their effects on enterococci. 
Antagonism increased directly with the concentration of aureomycin up to a 
maximal level (10 yg per milliliter), beyond which aureomycin alone (50 pg 
per milliliter) exerted a bacteriostatic effect. 


Penicillin and Chloramphenicol: Chloramphenicol slightly enhanced both 
the bacteriostatic effect of penicillin and its ultimate bactericidal action (Table 
I). The rate of bactericidal action, however, was reduced. The low number 
of viable bacteria left in two days with the optimal concentration of penicillin 
alone was not reached in the presence of chloramphenicol until six to fifteen days 
(Fig. 4). No optimal zone was observed. 


PENICILLIN 6 jug/mi+ STREPTOMYCIN 10 ug/mi 
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AUREOMYCIN 10yq/mi+ CHLORAMPHENICOL 
STREPTOMYCIN 10 ay 
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Fig. 5.—Joint effect of mixtures of three or four antibiotics on enterococci in vitro. 


Maximal bactericidal rate with penicillin plus streptomycin. Decrease in rate on addition of 
aureomycin, chloramphenicol, or both to penicillin plus streptomycin. 


The antagonistic effect of chloramphenicol was shown by its influence on 
the early bactericidal action of penicillin against enterococci. Death rates 
decreased as the concentration of chloramphenicol was increased (Fig. 4). 
However, long after turbidity had appeared with penicillin alone, mixtures of 
chloramphenicol and penicillin still delayed growth. There was a slow but 
steady decrease in the number of viable organisms, often resulting in the ultimate 
sterilization of cultures. Chloramphenicol added to optimal concentrations of 
penicillin thus behaved in much ‘the same way as did high concentrations of 
penicillin alone. 
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Other Pairs of Antibiotics: Streptomycin (10 and 25 yg per milliliter) 
paired with aureomycin (10 and 50 yg per milliliter) or with chloramphenicol 
(10 wg per milliliter) and aureomycin paired with chloramphenicol showed no 
enhancing or antagonistic effects (Fig. 5). 


Joint Effect of Three Antibiotics—Penicillin, Streptomycin, and Aureo- 
mycin: In some respects, this combination was more effective than any of these 
drugs singly or in pairs (Table I). The bacteriostatic action was greatly in- 
creased; growth appeared four to twenty-eight days later than in mixtures of 
any two of these drugs and the static concentration of penicillin was lowered 
% to %» the amount required with penicillin alone. The lethal concentration 
of penicillin was lowered to 4%» to 1%» the amount required when acting alone 
or paired with aureomycin and 14 to 4» that when paired with streptomycin. 
The bactericidal rate, however, was somewhat slower than that of penicillin 
mixed with streptomycin (Fig. 5). The reduction in rate occurring when 
aureomycin was added to penicillin (Fig. 2) was not entirely overcome by the 
further addition of streptomycin. 


Penicillin, Streptomycin, and Chloramphenicol: In most respects, this 
combination was slightly less effective than penicillin paired with streptomycin, 
but more active than penicillin alone or paired with chloramphenicol (Table I). 
Bacteriostasis was more prolonged than with mixtures of any two of these drugs. 
The bactericidal rate was much slower than that of penicillin paired with 
streptomycin, slightly slower than that of penicillin alone, but more rapid than 
that of penicillin paired with chloramphenicol (Figs. 4 and 5). The antagonistic 
action of chloramphenicol and penicillin was overcome to some extent by the 
presence of streptomycin. 

Penicillin, Aureomycin, and Chloramphenicol: This combination had about 
the same effect as penicillin mixed with aureomycin, measured in terms of either 
the effective concentrations of penicillin (Table I) or the bactericidal rate 
(Fig. 5). 

Streptomycin, Aureomycin, and Chloramphenicol: These three drugs had 
no effect beyond that shown by each one alone. In the concentrations tested, 
there was no evidence of antagonism or synergism among them (Fig. 5). 

Joint Effect of Four Antibiotics —The action of all four drugs was greater 
than that of any combination of two or three of them in all respects except 
bactericidal rate. Both the bacteriostatic and bactericidal effects were much 
enhanced; the effective concentrations of penicillin were reduced to as much as 
Yoo of the amounts required with penicillin alone or in any other mixture. 
The bactericidal rate, however, was slower than that of penicillin with strepto- 
mycin or of penicillin with both streptomycin and aureomycin (Fig. 5). Again 
the presence of chloramphenicol appeared to decrease the rate of death. 


DISCUSSION 
Enterococci are relatively resistant to available chemotherapeutic agents. 


They are not only more resistant to penicillin than other streptococci by the 
conventional laboratory tests, but when exposed to high concentrations a few 
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organisms survive for weeks. The offspring of these persisters are no more 
resistant to penicillin than the original cultures. They may account for the 
failure of enterococcal infections to respond to the administration of penicillin 
even in enormous doses. 

At optimal concentrations of penicillin the initial rate of bactericidal action 
is maximal, though some bacteria survive; at greater concentrations the rate is 
slower but all bacteria are ultimately likely to be killed. Both the rate of bac- 
tericidal action and the ultimate sterilizing effect should be considered in labora- 
tory evaluation. The mechanism of this zone phenomenon is not known nor are 
its clinical implications clear. The effect appears in cultures below the level 
of visible growth after twenty-four to seventy-two hours of incubation. It is 
probably similar to the zones reported by others,?” *! differing in its manifesta- 
tions only because of differences in technique. 

With enterococci, the concentration of an antibiotic which inhibits in the 
usual sensitivity test is not constantly related either to bactericidal rate or to 
total killing action.14 Consequently, an evaluation by a turbidity test may he 
misleading because it gives no information as to the number of organisms killed. 
In the treatment of bacterial endocarditis, rapid and effective killing of most 
bacteria in the vegetations may be essential for cure, rather than prolonged 
bacteriostasis.”? 

Streptomycin alone (25 pg per milliliter) has no demonstrable effect in vitro 
on the strains of enterococci tested. When added to penicillin, it not only in- 
creases the bactericidal rate but also often results in the death of all exposed 
bacteria. This joint action seems to be synergistic rather than additive. It is 
not due merely to the action of streptomycin on small numbers of organisms 
following an initial reduction in the population by penicillin because strepto- 
mycin (25 wg per milliliter) failed to inhibit as few as twenty enterococci per 
milliliter in the absence of penicillin. 

Spicer and Blitz'* reported that organisms which survived exposure to 
penicillin were then killed by streptomycin. It is difficult to prove that strepto- 
mycin alone acts on the persisters. Although the free penicillin can be in- 
activated, there is no assurance that penicillin bound to the cells is without 
further effect. The offspring of persisters were as resistant to streptomycin 
and as sensitive to penicillin as the original population. Therefore, it seems 
unlikely that streptomycin either reduces the rate of mutation or affects variants 
resistant to penicillin. 

Further evidence that the action is synergistic is that the rate of killing 
increases as soon as streptomycin is added (Figs. 2 and 3). This immediate 
acceleration of bactericidal rate would be unlikely if penicillin were acting alone 
in thé early stages with streptomycin participating only after the population had 
been reduced. 

Penicillin and streptomycin might each block a different enzyme system, 
together interfering with essential metabolism, even though streptomycin alone 
has no demonstrable influence. Streptomycin can inhibit the metabolism of 
resting cells,?* whereas penicillin acts chiefly on actively proliferating organisms. 
With both drugs present, bacteria in all phases might be affected. 
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The most striking effect of mixtures of penicillin and streptomycin on 
enterococci is the marked increase in bactericidal rate, beyond the maximum 
obtainable with penicillin alone. This rapid and complete bactericidal action 
might account for the clinical effectiveness of the two drugs in enterococeal 
endocarditis, in contrast to the failure of bacteriostatic agents like sulfonamides 
and aureomycin. 

Aureomycin or chloramphenicol in mixtures with penicillin, although they 
sometimes increase the ultimate killing effect, decrease the rate of bactericidal 
action. This antagonism might be due either to inactivation of one drug by 
another or to interference at the site of action. A decrease in bactericidal rate 
would occur in either event, but the late bactericidal effect seems incompatible 
with the hypothesis of chemical inactivation. Possibly penicillin kills more 
slowly because the organisms are not multiplying actively in the presence of the 
other bacteriostatic agent.2? An antagonistic effect between chloramphenicol 
and penicillin has been demonstrated in a streptococcal infection in mice.” 

In these experiments, the unstable antibiotics, penicillin and aureomycin, 
were not replenished to maintain a constant level. Although both drugs were 
bactericidal, they usually failed to kill all organisms before deterioration to 
ineffective levels. Hunter found that even when the initial antibiotic level was 
periodically restored, neither penicillin nor aureomycin sterilized cultures of 
enterococci and that the combination of the two drugs killed more slowly than 
penicillin alone.?? However, he found that the combination of aureomycin and 
streptomycin was effective when the aureomycin level was maintained, whereas 
this was not demonstrated by the method used here. 

In mixtures of three or four drugs, the total effect seems to be the sum of 
antagonistic and synergistic effects of participating pairs of drugs. For ex- 
ample, the joint action of penicillin and streptomycin appears to offset the 
antagonism between penicillin and chloramphenicol in a mixture of the three 
agents. 

There is an increasing tendency among clinicians to give patients two, 
three, or four chemotherapeutic agents simultaneously and sometimes hap- 
hazardly. It is sometimes assumed that if one antibiotic is helpful, two are more 
likely to cure, and three or four given simultaneously should ensure the patient’s 
recovery. In specific instances, such as the use of penicillin and streptomycin 
in enterococcal infection, a combination of antibiotics is clearly indicated, on the 
basis of clinical experience.” **" 22. The experimental demonstration of antago- 
nistic relationships among antibiotics,’” ** however, makes one question the ad- 
visability of the indiscriminate, concurrent use of several antibiotics. Clinical 
experience will be necessary to establish the significance of these laboratory 
results for medical practice. For the present, restriction of antibiotic therapy 
to single drugs or to mixtures that have been shown to be clinically effective 
for specific infections might be indicated. 


SUMMARY 


Penicillin was bacteriostatic in vitro for large inocula of seventeen strains 
of enterococci, but a small proportion of the bacterial population often remained 
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viable for as long as twenty-eight days. With most strains, penicillin showed 
an optimal zone of concentration below which there was little bactericidal action 
and above which the early bactericidal rate was reduced. 

Streptomycin, aureomycin, and chloramphenicol in concentrations obtain- 
able in the human body occasionally delayed growth or produced a transient 
bactericidal effect. 

Penicillin and streptomycin, acting jointly, produced a more rapid bacteri- 
cidal rate than any concentration of penicillin alone. Less penicillin was re- 
quired to prevent multiplication. The ultimate death of all organisms was more 
likely than with penicillin alone. The optimal zone shown by penicillin did not 
occur with the addition of streptomycin. The offspring of enterococci persisting 
in penicillin were neither more resistant to penicillin nor more sensitive to 
streptomycin than their parent cultures. 

Penicillin and aureomycin together produced a greater early bacteriostatic 
effect than either drug alone, but the rate of bactericidal action was slower than 
that of penicillin by itself. 

Penicillin and chloramphenicol together were more bacteriostatic than 
penicillin alone and were more likely to lead ultimately to the death of all 
enterococci, but the bactericidal rate was markedly decreased below that of 
penicillin alone. 

In combinations of three or four antibiotics, only mixtures which included 
both penicillin and streptomycin were more effective than penicillin alone. The 
antagonism between chloramphenicol or aureomycin and penicillin was largely 
overcome by the joint action of streptomycin with penicillin. The bactericidal 
rate was always slower than with penicillin mixed only with streptomycin. 


The factors influencing the joint action of antibiotics on enterococci and 
the clinical implications of such action are not yet clear. The evidence, however, 
casts doubt on the advisability of indiscriminate clinical use of two or more 
antibiotics simultaneously. 
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TTENTION has long centered on the liver in diabetes mellitus because of 
the important role of this organ in carbohydrate metabolism and homeo- 
static regulation of blood sugar,’ as well as because of the occurrence of hepatic 
changes, both anatomical?-* and functional,®’’ in patients with this disease. It 
has been stated that the adequacy of treatment of the diabetic patient may affect 
the status of his liver,” * 7 *° and also, that improvement of the function of the 
liver may alter the response of the, diabetic patient to treatment.’ 7° It has 
been suggested that liver changes may increase or decrease sensitivity to in- 
sulin.” 1% 1718 Moreover, primary liver disease may mimic diabetes.’ 

When this study was undertaken the reports dealing with the status of 
the liver in human diabetes had been based on liver function tests**° and sporadic 
biopsy® *°?* or autopsy® **® material. A systematic study, including biopsy, 
seemed desirable to evaluate the incidence and significance of structural ab- 
normalities of the liver in diabetes.* A careful study by Leevy and co-workers‘ 
of the status of liver structure and function in this disease has since appeared. 


METHODS AND PROCEDURE 


Twenty-eight patients with uncomplicated diabetes mellitus were studied (Table I). In 
none was there clinical evidence of liver disease, save for the presence of hepatomegaly as 
will be indicated below. No patient gave a history of chronic alcoholism, although a few used 
alcohol with moderation. None of the patients had a history of hepatitis or exposure to 
hepatotoxic agents. In each patient the control of the diabetes had been stabilized for a 
period varying from three weeks to two months in the hospital before biopsy of the liver was 
performed. A period of at least three weeks was allowed to elapse after the disappearance of 
ketosis in the five patients admitted to the hospital in this condition. Each patient received 
a calculated diet. The daily carbohydrate content ranged from 2 to 3 Gm. per kilogram of 
body weight and the protein content from 1.25 to 1.5 Gm. per kilogram of body weight. 

Liver biopsies, using the Vim-Silverman needle, were performed by the intercostal ap- 
proach in all of the patients. Specimens were fixed in Formalin and stained with hematoxylin 
and eosin. When the specimen was sufficiently large, one-half was placed in Carnoy’s solution 
and stained for glycogen by the periodic acid-Schiff’s reagent.23 In thirteen of the twenty- 
eight cases, sections were stained for fat with oil red O. 

The tests of liver function employed in all the patients were: bromsulfalein excretion, 
thymol turbidity, cephalin-cholesterol flocculation, and serum bilirubin determination. The 
bromsulfalein test was performed according to the modification of Mateer24 (using the 5 mg. 
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per kilogram dose), the degree of dye retention at the end of forty-five minutes being deter- 
mined spectrophotometrically. Retention of 5 per cent or more was regarded as abnormal. 
The thymol turbidity test was done by the method of Maclagan,25 using the modification of 
Shank and Hoagland2é for the spectrophotometer. A value of 4 units was considered as 
the upper limit of normal.* The cephalin-cholesterol flocculation test was performed according 
to Neefe’s27 modification of the procedure of Hanger.28 <A reading of 3 or 4 plus at the 
end of forty-eight hours was regarded as abnormal. Blood cholesterol was determined by the 
method of Bloor,29 serum bilirubin by the procedure of Malloy and Evelyn.3° 

Adequacy of previous control of the diabetes was clinically evaluated. The factors con- 
sidered included frequency of urine and blood sugar estimation, visits to a physician or clinic, 
and episodes of ketosis. 

RESULTS 

The clinical protocols and the results of the study are shown in Table I. 
Table II summarizes the histologic findings. In seven patients completely nor- 
mal-appearing liver tissue was obtained. Of the remaining twenty-one, sixteen 
showed vacuolization of the nuclei (Fig. 1,A) representing intranuclear gly- 
cogen (Fig. 1,B). Fourteen patients showed fatty metamorphosis (Fig. 1, C). 
In eight of these the liver was palpable, with the largest livers occurring in the 
patients who had the greatest degree of fatty infiltration. However, six patients 
had significant fatty metamorphosis with no apparent enlargement of the liver, 
while two patients with no cytologic abnormality had palpable livers. Three 
of the patients with fatty changes in the liver showed the histologic features of 
cirrhosis, namely distortion of the architecture, fibrosis, and proliferation of bile 
ducts (Fig. 1,D). In eight of the sections there were significant amounts of 
iron-containing pigment (Fig. 1,#) in the hepatic cells. Vacuolated nuclei 
occurred with equal frequency in patients with and without fatty metamorpho- 
sis, but cirrhosis and hemosiderin deposits each occurred only in livers showing 
fatty metamorphosis (Table IT). 


TABLE II. INCIDENCE OF ABNORMAL HISTOLOGIC FINDINGS 








ILEMOSIDERIN 
FATTY METAMORPHOSIS NUMBER VACUOLATED NUCLEI DEPOSITS CIRRHOSIS 








Present 14 7 8 3 
Absent 14 | 9 0 0 





Analysis of the studies of liver functions (Table III) shows that the brom- 
sulfalein excretion was abnormal in twelve patients, the thymol turbidity in, 
five, the cephalin flocculation in two, and the bilirubin level in four. All three 
of the patients with cirrhosis showed mild abnormality of liver function (Table 
I). The incidence of abnormal bromsulfalein retention was somewhat higher in 
the group with fatty infiltration than in the group whose livers did not show fat, 
but the degree of abnormality was extremely low (Table I). The incidence of 
abnormal thymol turbidity and cephalin flocculation was essentially the same 
in the two groups. Of the four abnormal bilirubin levels obtained, one was in 
the group with normal livers and the other three were in patients with fatty 
infiltration. It should be noted that half of the patients with significant .fatty 
infiltration had normal liver functions, while one-fourth of the patients whose 
livers appeared structurally normal showed abnormalities of liver function. 
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Fig. 1, A to D.—A, Vacuolization of liver cell nuclei. (Hematoxylin-eosin stain; 600.) 
B, Intracellular and intranuclear glycogen. (Periodic acid-Schiff reaction [McManus]; 600.) 
C, Fatty metamorphosis (moderate). (Hematoxylin-eosin stain; 100.) D, Portal cirrhosis 
with fatty metamorphosis (severe). (Hematoxylin-eosin stain; 90.) 
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An attempt was made to correlate the presence of vacuolization of the he- 
patie nuclei with the blood sugar levels (Table IV). Although the mean blood 
sugar levels* as well as the mean blood cholesterol level was higher in the group 
with than in the one without hydropie nuclei, these differences can be con- 





Fig. 1, #.—Iron-containing pigment within parenchymal cells. (Perl’s iron reaction [modified] ; 


500.) 


TABLE IV. CORRELATION BETWEEN FASTING BLOop SUGAR, BLOOD CHOLESTEROL, AND 


IJISTOLOGIC CHANGES 


~ MEAN FASTING 





BLOOD SUGAR 
Vacuolated | 
nuclei 
Present 204.9 + 52.6 
Absent 165.5 + 36.1 
—=_ rT sf ai 
metamorphosis 
Present 184.5 + 34.3 
Absent 188.2 + 40.2 








~ MEAN PLASMA 
CHOLESTEROL 


265.6 + 71.2 


226.6 + 33.8 





269.0 + 58.4 


*The fasting blood sugar level used in the calculation was the mean of those obtained 
over a two-week period. This period included one week prior to and one week following the day 


of biopsy. 
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sidered only suggestive since the differences between the means are not signifi- 
cant. No relationship between the adequacy of the control of the diabetes and 
the presence or absence of cytologic abnormalities could be demonstrated, since 
the control of the diabetes in each patient in the group had been optimally 
stabilized at the time the biopsy was performed. Actually, the mean fasting 
blood sugar level and the mean plasma cholesterol level were slightly lower in 
the patients with fatty metamorphosis than in those without this abnormality 
(Table IV). With respect to the adequacy of control of the diabetic prior to 
hospitalization, it was not significantly different in the two groups (Table I). 


DISCUSSION 


The implication that liver damage in diabetes mellitus results from inade- 
quate control of the disease has been based largely on studies of liver function*'* 
and the estimation of enlargement of the liver.*! ** ** Meyer,’® Rabinowitch,® 
Jones and associates,’ and Gray and co-workers’ all found a higher incidence 
of abnormality of liver function in the poorly controlled than in the well-con- 
trolled diabetic. It has been stated that hepatomegaly is more frequent in poorly 
controlled diabetes® ** *? and that improvement of the control results in a de- 
crease in the size of the liver.*! The implication has been that enlargement of 
the liver represents fatty metamorphosis.’ **: ** While fatty infiltration of the 
liver has been shown to occur, not infrequently, in diabetes,*-® there has appar- 
ently been no attempt made previously to correlate the clinical estimation of size 
with changes in the liver. That hepatomegaly does not always mean fatty meta- 
morphosis has been demonstrated by Stetson and Ohler** and by others.® 

In the present study, definite enlargement of the liver was observed when 
fatty infiltration was pronounced. In two cases, however, the liver was pal- 
pable in the absence of fatty infiltration and in six cases there were varying 
degrees of fatty infiltration without apparent hepatic enlargement. It appears 
therefore that distinct hepatomegaly is usually though not invariably evidence 
of fatty infiltration. The use of tests of liver function to estimate histologic 
abnormalities of the liver was also found unreliable. While the impaired liver 
funetion was somewhat more frequent in the presence of a fatty liver, neither 
the incidence nor the degree of abnormality was significantly greater in the 
patients with fatty liver than in those without this cytologic abnormality. 

The lack of correlation in this study between cytologic and functional 
abnormality of the liver on the one hand and the adequacy of previous or current 
control of the diabetes on the other may be explained in part by the fact that 
all patients were optimally controlled before the biopsy was performed. Never- 
theless, the data do show that distinct structural abnormality of the liver can 
occur in spite of apparently adequate control of the diabetes. 

The fact that, in spite of definite and even marked histologic abnormality, 
liver function was only slightly or not at all impaired illustrates the difficulties 
involved in the correlation of liver function with structure. This also emphasizes 
the value of liver biopsy in attempting to assess the incidence of hepatic 
abnormality in diseases which are not primarily hepatic in origin. 
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Connor® has stressed the significance of fatty infiltration of the liver in 
diabetes mellitus and considered it a precursor to the occurrence of cirrhosis in 
patients with this disease. On the other hand, some workers state*® ** that the 
incidence of cirrhosis is no greater in diabetic persons than in the remainder of 
the population. In view of the fact that the fatty metamorphosis of the liver 
in diabetic animals can lead to cirrhosis,** and in view of the high frequency of 
fatty infiltration in diabetics, it is of interest that the three patients whose biopsy 
sections showed cirrhosis also had fatty infiltration. 

While the high incidence of vacuolization of the liver cell nuclei, which 
represents glycogen infiltration deposition, has been observed in diabetes by 
other workers, we are not aware of any previous estimate of the incidence in 
this disease. Chipps and Duff** have shown that this lesion can occur in a variety 
of diseases other than diabetes mellitus. It may be that, like glycogen in the 
renal tubules, the lesion, when present, is associated with hyperglycemia. This 
is suggested by the fragmentary data in this study on the correlation between 
the degree of hyperglycemia and hydropic changes in the nuclei, but is not sup- 
ported by the experience of Chipps and Duff.** 

The finding in the hepatic cells of hemosiderin was unexpected. Gillman 
and Gillman*® observed that iron-containing pigment occurs in the African native 
with nutritional deficiency. In this country it has been noted that biopsy speci- 
mens from patients with ‘‘alcoholic cirrhosis’’ may show iron-containing pigment 
in the liver.*® 4! It is of interest, therefore, that in the present study hemosiderin 
was present only in those livers which showed fatty infiltration as well. Disturb- 
ance of the intracellular enzymes was postulated by Gillman and Gillman*® to 
explain the occurrence of fatty metamorphosis and hemosiderosis in patients 
with nutritional deficiency. Our own data de not permit any conclusions as to 
the cause of the observed coexistence of hemosiderosis and fatty infiltration of 
the liver in a significant number of patients. 


SUMMARY 


Specimens of liver were obtained by needle biopsy in twenty-eight patients 
with uncomplicated, well-controlled diabetes mellitus. Sixteen of these showed 
vacuolization of the nuclei apparently representing intranuclear glycogen. There 
was a tendency to higher blood sugar levels in these patients, but the observed 
differences were not in the range of statistical significance. Fourteen of the 
patients showed fatty metamorphosis. In three of these cirrhosis was found. 
In eight of the patients with fatty infiltration there were significant amounts of 
iron-containing pigment in the hepatic cells. 

A relationship between the degree of hepatic abnormality and previous 
control of the diabetes could not be established. Abnormalities of the thymol 
turbidity, cephalin flocculation, and serum bilirubin determinations were infre- 
quent and slight in the entire group of patients. Abnormal bromsulfalein 
retention occurred in half of the patients with fatty metamorphosis and in one- 
fourth of those without fatty metamorphosis. The degree of abnormality was 
minor, when present. The coexistence of hemosiderosis and fatty metamorphosis 
appears noteworthy. 
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The photomicrographs were made by Mr. Victor R. Landi of the Medical Illustration 


Laboratory, Veterans Administration Hospital, Washington, D. C. 
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jes high incidence of fatty metamorphosis of the liver which was observed 
in patients with controlled, uncomplicated diabetes mellitus’ led to a search 
for possible related factors. While it has been shown that the response to insulin 
depends on the integrity of the liver,? both excessive sensitivity and insensitivity 
to insulin have been described with the coexistence of fat in the liver.* * ° This 
report is based on the study of insulin sensitivity in a group of diabetic patients 
in whom biopsies of the liver were performed. An attempt has been made to 
correlate the response to insulin, as well as other factors, on the one hand with 
the presence or absence of fatty metamorphosis of the liver on the other. 


TABLE [. INSULIN REQUIREMENTS, GLUCOSE INSULIN TOLERANCE STUDIES AND Farry 
METAMORPHOSIS ON 28 PATIENTS 





























enn GLUCOSE INSULIN TOLERANCE TEST FATTY 
PATIENT i - i GLUCOSE METAMOR- 
DAILY Sida INSULIN PHOSIS 
— Beer AREA 
F | 10 | 30 | 509 | 7O IN MG. MIN. 

J.S 10 168 150 160 184 180 + 410 0 
M. G. 25 115 108 143 194 186 +3,410 1+ 
E. MeD. 30 153 157 147 198 200 +1,290 2+ 
A.B. 50 190 179 240 300 340 +4,550 2+ 
D.G 40 215 220 290 290 331 +4,180 2+ 
W.N 45 200 193 205 200 208 + 60 0 
E.C 0 105 132 299 255 280 +7,500 3+ 
A.J. 50 175 175 198 248 240 +2,510 4+ 
1. MeF. 40 186 194 150 125 105 ~2,490 0 
B. J. 10 160 172 172 175 183 + 850 = 
P. Lac. 50 198 190 198 273 209 +1,450 D+ 
D. W. 20 164 194 215 240 280 +3,180 0 
BT. 0 168 140 153 140 147 —1,210 1+ 
R. F. H. 50 160 169 248 300 209 +4,950 0 
J. F. 200 217 315 325 372 385 +3,620 44+ 
F.S. 10 131 100 68 57 63 —3,740 0 
i. a. 5 115 105 128 136 120 + 430 0 
J. W. 0 165 164 156 208 253 +1,570 3+ 
G. E. 20 233 200 239 294 300 +1,420 1+ 
G. M. 70 205 250 270 355 294 +5,720 0 
oy 30 112 128 112 95 98 — 220 0 
i 0 180 190 239 310 355 +5,700 4+ 
F.C. 0 310 228 205 220 216 —6,000 os 
F. 8. 60 294 294 370 389 389 +5,100 0 
W. D. 20 228 216 230 190 190 —1,340 0 
L. McC. 40 135 135 125 128 136 — 125 0 
W. H. 40 275 250 216 258 265 —1,870 0 
W. B. 0 228 228 216 220 250 -— 100 0 
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METHODS AND PROCEDURE 


The characteristics of the patients studied as well as the methods of obtaining liver 
biopsy specimens have been described.1 Insulin requirements listed in Table I represent the 
average of the preceding thirty days. Insulin sinsitivity was determined by the Himsworth 
glucose insulin tolerance test.6 After obtaining a sample of blood in the fasting state for 
glucose determination, 30 Gm. of glucose were administered orally and 5 units of insulin 
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Fig. 1.—Insulin sensitivity as measured by the Himsworth glucose insulin tolerance test. 
The area between the glucose tolerance and the glucose insulin tolerance curves is used as a 
measure of sensitivity to insulin. 
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Fig. 2.—Glucose insulin area (black), which is expressed in the text in milligram minutes. 


intravenously, for each square meter of surface area. The blood sugar was then estimated at 
ten-, thirty-, fifty-, and seventy-minute intervals. The determinations were made by the Folin- 
Wu method. The resulting curve, when compared with the glucose tolerance curve obtained after 
the administration of the same amount of glucose without insulin, provides an index of the 
sensitivity of the patient to insulin. In the insulin-sensitive diabetic, insulin inhibits alimentary 
hyperglycemia, while in the insulin-insensitive patient, alimentary hyperglycemia is little af- 
fected by insulin (Fig. 1). The degree of sensitivity to insulin can also be estimated by 
measuring the ‘‘ glucose insulin area.’’ This area is contained within the glucose insulin toler- 
ance curve and a line drawn from the fasting level (Fig. 2). In the insulin-insensitive patient, 
this value, expressed in milligram minutes, is a highly positive one, while in the insulin- 
sensitive patient it is negative or slightly positive. 
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Fig. 3.—-A, Fatty metamorphosis graded as 2+; (100). B, Fatty metamorphosis graded as 
4+; (X100). 

Fatty metamorphosis, as observed in the biopsy specimens, was graded according to 
severity from + to 4 + (Fig. 3). 

The degree of obesity was estimated by comparison of the weight of the patient with 
standard height-weight-age tables. The weight was considered normal if it was within the 
range of 10 per cent above or below the standard. <A patient whose weight exceeded these 
limits was considered obese or thin, respectively. Duration of the diabetes was estimated 
either from the date of diagnosis or from the time of the onset of symptoms which could 
be attributed to diabetes, if these were sufficiently distinctive. 


RESULTS 
Of the twenty-eight patients studied (Table I), fourteen were found to have 
various degrees of fatty metamorphosis in the liver. The minimal degrees of 
fatty change classified as + in two patients were not considered significant. Only 
twelve patients, therefore, were considered to have significant fatty metamorpho- 
sis (Table II). Of these twelve, insensitivity to insulin was observed in eleven, 
while one patient was sensitive (Table III). This correlation is considered 
statistically significant (p = .001). 
Likewise a positive correlation was present between the occurrence of fatty 
metamorphosis and obesity, as well as age of the patient. It is noteworthy that 
of the six patients considered obese, all had fatty changes in the liver. Neverthe- 
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TABLE II. INCIDENCE OF FATTY METAMORPHOSIS OF THE LIVER IN DIABETES 

















Total number of patients studied 28 
Number with fatty metamorphosis 14 
Distribution 
4+ 3 
3+ 2 
2+ 3 
1+ + 
+ (not significant) 2 
Number with significant fatty metamorphosis 12 (42.8%) 





less, even in the nonobese patients above the age of 30, fatty metamorphosis 
did oeeur, while among the eight patients who were less than 30 years old, no 
fatty alterations of the liver were seen. There was no difference in the incidence 
of fatty changes between those in the 30 to 50 age group as compared with those 
above the age of 50. These observations are summarized in Table III. 

The correlation between the duration of diabetes and the presence of fat 
in the liver is also shown in Table III. While a higher incidence fatty metamor- 
phosis seems to occur in those patients who have had their diabetes for longer 
periods, nevertheless, even apparently new diabetics show distinct evidence of 
fatty changes. Inspection of the data in Table I shows: no relationship between 
insulin requirements and the presence or absence of fatty metamorphosis. 


TABLE JII. CORRELATION OF FATTY METAMORPHOSIS OF THE LIVER WITH VARIOUS FACTORS 









































FATTY LIVER PRESENT 
FACTOR NUMBER NUMBER PER CENT 

Response to insulin —_— ii 

Sensitive 12 ] 8.5 

Insensitive 16 i | a 68.8 
Weight : aan 7 

Below standard 9 2 22:3 

Standard 13 4 30.8 

Above standard 6 6 7 100 —_ - 
Age group 

Under 30 8 0 0 

30-50 6 4 66.7 

Above 50 14 8 ” 57.1 tea 
Duration of diabetes 

Under 1 yr. 10 3 30.0 

1-5: yr. 10 5 50.0 

Over 5 yr. 8 5 62.5 

DISCUSSION 


The occurrence of fatty metamorphosis of the liver in patients with diabetes 
mellitus has been recognized since Meade? first described it in 1748. Since then 
there have been numerous reports®’* confirming this observation. It also has 
been shown in patients with diabetes that the liver, whether enlarged or not, 
does not invariably contain excess fat.2” 21 While fatty metamorphosis of the 
liver has been implicated as a cause of insulin-resistance,® 2? the correlation 
between fatty changes, as observed by biopsy, and the responsiveness to insulin 
has not been explored previously in patients. 
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Taub and co-workers,”* on the basis of clinical and laboratory evidence of 
liver damage, suggested that the ‘‘adult’’ type of diabetes represents ‘‘liver 
dysfunction hyperglycemia.’’ Although the frequency of fatty metamorphosis 
in the present series might seem to confirm this suggestion, nevertheless in none 
of our patients was there any clinical evidence of liver disease, and impairment 
of liver function was minimal. Furthermore, in another study of a group of 
patients with definite liver disease and coexistent diabetes?* some were found to 
be sensitive and others insensitive to insulin. 

It appears unlikely that fatty metamorphosis of the liver per se is responsible 
for the lack of sensitivity to insulin in this group of patients since we, and others, 
have observed that many patients with fatty livers, but without diabetes, are 
sensitive to insulin.» *4 Furthermore, in the present study, insulin insensitivity: 
was found in some of the patients who did not have fatty changes in the liver. 
Therefore, the frequent coincidence of insulin insensitivity and fatty metamor- 
phosis of the liver suggests that the insulin insensitivity and the fatty changes 
in liver both may be due to a common factor, rather than one being the cause of 
the other. 

In the experimental diabetes, fatty metamorphosis of the liver may be 
produced by (1) lack of insulin with consequent depletion of glycogen in the 
liver,’® (2) lack of lipotropice factors in the depancreatized animal,’® and (3) 
the injection of pituitary extract.?> ?% 27 

That fatty metamorphosis in the liver may occasionally occur in human 
beings due to lack of insulin is implied in reports stating that improved control 
of the diabetes has resulted in decrease in the size of previously enlarged 
livers.” 17 7% 2° Jt is doubtful, however, that the fatty metamorphosis in the 
livers of the patients described here was due to lack of insulin since the patients 
were under optimal diabetic control. Furthermore, the fasting blood sugar 
levels and the blood cholesterol levels, if these are considered as indices of the 
adequacy of control of the diabetes,?* were found to be similar in the patients 
with fatty changes in the liver to those with normal livers.’ 

Although lack of lipotropic factors may result in a fatty metamorphosis in 
the liver,’® previous studies of the effects of lipotropic agents in human diabetes 
have produced divergent reports. Some observers, in the basis of clinical impres- 
sions, have described decrease in size of the liver following the administration 
of betaine’ or lipocaic,* 1* while other have reported inconclusive results with 
the use of lipotropie substances.’7 One of the patients in the present group 
(J. F.) received 9 gm. of choline and 1 Gm. of inositol daily, as well an ade- 
quate protein intake, for one year with no decrease in the fatty metamorphosis 
noted in four serial biopsy specimens. It appears unlikely, therefore, that in 
this patient a lack of lipotropic factors was responsible for the fatty changes 
seen in the liver. Although Biskind and Schreier*® have observed that vitamin 
deficiencies in the diabetic patient are associated with decreased insulin sensitiv- 
ity, in the present group of patients no relationship between the fatty meta- 
morphosis in the liver and a possible nutritional deficiency could be demonstrated. 
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The ability of pituitary extracts to produce fatty changes in the liver has 
long been recognized,?” *% % 33 although the mechanism is not clear. *% 3% 
Decreased sensitivity to insulin occurs in patients with pituitary hyperactiv- 
ity,** *° and both in human beings** and experimental animals?* 27 *° receiving 
pituitary extracts. That the presence of insulin insensitivity in patients with 
diabetes might be due to the action of pituitary factors, as suggested by Hims- 
worth,®* therefore, seems possible. The correlation between insulin insensitivity 
and fatty metamorphosis observed in the present group of patients would tend 
to support this concept. Likewise, the positive correlation between the presence 
of obesity and fatty metamorphosis is of interest since animals which are made 
diabetic by the administration of pituitary extracts become obese.2> The lack 
of fatty infiltration in the young diabetic stibjects, as well as the positive correla- 
tion of the incidence of fatty metamorphosis with the duration of the diabetes, 
suggests that the factor responsible for the fatty changes must act over a pro- 
longed period of time. 


SUMMARY AND CONCLUSIONS 


In twenty-eight patients with uncomplicated, well-controlled diabetes mel- 
litus, fatty metamorphosis of the liver as determined by liver biopsy was present 
in 50 per cent. In 42 per cent this was considered of significant degree. A posi- 
tive correlation existed between the occurrence of fatty metamorphosis and . 
insensitivity to insulin. Also, a positive, but not conclusive, correlation between 
fatty changes on the one hand and age, obesity, and duration of the diabetes on 
the other was noted. No significant role in the production of the fatty metamor- 
phosis could be ascribed to nutritional deficiency, alcoholism, or inadequacy of 
control of the diabetes in this group of patients. The possibility is suggested 
that pituitary hyperactivity might be responsible for both the fatty metamor- 
phosis of the liver and the insensitivity to insulin. 


The photomicrographs were made by Mr. Victor R. Landi of the Medical Illustration 


Laboratory, Veterans Administration’ Hospital, Washington, D. ©. 
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SULFHYDRYL CONTENT OF BLOOD CELLS IN DYSCRASIAS 


ALEXANDER N. ContTorou.os, M.D., AnD Hamiuton H. ANbERSON, M.D. 
San FRANCISCO, CALIF. 


HE role of sulfhydryl-containing compounds in the metabolic processes of 

host tissue cells may acquire greater significance with the accumulation of 
more precise data on the blood dyserasias. Investigators, since 1888,)-* have 
stressed the role of these compounds on the reducing properties of protoplasm, 
on oxidation-reduction potentials, and the interaction of these components 
with poisons.® However, it was not until 1921 that Hopkins® provided experi- 
mental evidence for the theoretical suggestions of Heffter? and Arnold.* Some 
years later, Kendall and associates’ elucidated the chemical nature of the sub- 
stance reported by Hopkins, which is now known as glutathione (GSH). 

-SH components of host and parasitie cells appear to have a definite bi- 
ologie function, since it was shown by more than one author that these sub- 
stances are necessary for the growth and multiplication of cells.*-?7 Hammet, 
in 1929,?* 2° found good evidence that the -SH groups might be a factor in 
the control of cell division. In the same year, Baker*®® reported that gluta- 
thione increased the rapidity of proliferation of cells in tissue culture, such 
as sarcomatous fibroblasts. A year later, Voegtlin® concluded that ‘‘. .. ex- 
posure of amoebae to -SH or -SS glutathione results in more nuclear and eell 
division.”’ 

Bierich and Rosenbohm, in 1935,'* found that in normal, growing hepatic 
cells there was a parallel increase in glutathione content. Rane and Sub- 
baRow’® reported that in the culture of Dochez (NYS strain of hemolytic 
streptococci) glutathione was necessary since without it no growth was ob- 
served. Gould*? showed that some strains of the gonocoeccus were dependent 
upon the glutathione content of the medium upon which they were cultivated. 
Astrup and Fisher*' reported that glutathione was a necessary growth factor 
for tissue cultures but that it alone did not suffice to provide normal growth 
and appearance of tissue. Wigglesworth*!” believed that glutathione stimu- 
lated the migration of activated cells in the healing of wounds of insects. 

Parker and Kracke*? made a study of ‘‘Benzene leucopenic rabbits’’ in 
which it was found that a marked decrease in the reduced glutathione of the 
blood and kone marrow occurred. The reduction preceded the appearance of 
leucopenia. Stimulated by Hammet’s theory, these authors suggested that 
glutathione had an accelerating action on the rate of cell division. They be- 
lieved, also, that the substance played an important role in regulating bone 
marrow activity. Depletion of the glutathione content of the blood or bone 
marrow could, they postulated, lead to various leucopeniec states. Unfor- 
tunately, the GSH estimations were made on whole blood so that it was not 
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possible to observe the differences in content of erythrocytes or leucocytes. 
Three years later, in 1939, Kandel and LeRoy** argued against the sugges- 
tions of Parker and Kracke, since they could find no evidence that the 
pathogenesis of blood dyscrasias was based upon alterations of blood gluta- 
thione. 


Bichel** recognized that it was of no value to relate the total number of 
leucocytes to the ‘‘glutathione index’’ or ‘‘Gabbe quotient’’ because of the 
considerable increase in number of cells in leucocytoses. He concluded that 
it would be more correct te determine the GSH content of erythrocytes and 
leucocytes separately. However, it was difficult for him to obtain suspensions of 
leucocytes entirely free of erythrocytes. In an earlier attempt by Meyer-Born- 
sen* to determine the composition of leucemic leucocytes, it was found that the 
total S (sulfur) ranged from 7.0 to 10.0 mg. per cent. Because of difficulties in 
separation of red cells from white cells, comparison with normal persons was not 
possible. Dietz and Steinberg** showed that in myelocytic leucemia the rib mar- 
row showed an increase in the content of sulfate sulfur. It was not increased in 
lymphatic leucemia, and it was suggested that sulfate was a factor in the 
metabolism of granulocytes. 

It is obvious, from earlier studies, that until complete separation of 
erythrocytes from leucocytes has been effected, it is not possible to postulate 
the role of -SH components in the dyserasias. With the method adapted to this 
need in the present study, it has been possible to make separate determinations 
of the -SH (sulfhydryl) content of erythrocytes and leucocytes. This has been 
accomplished on the blood of normal and leucemie persons, as well as in one 
patient having leucopenia. 


METHOD AND RESULTS 


The method adapted to this study was as follows. Ten milliliters of blood 
were drawn from the arm vein of the subject, and the GSH content was de- 
termined according to the method of Binet and Weller.*7 Not more than 
twenty-five minutes elapsed after the blood was taken. On the same sample, 
separation of erythrocytes from leucocytes was effected, after the modified meth- 
ods of Minor and Burnett** and Buckley and co-workers,*® as adapted by us.*’ 
Separation was accomplished by the use of an isotonic solution of fibrinogen,* 
as suggested by Geiman.*® After forty-five minutes of treatment, the super- 
natant portion of the plasma contained leucocytes freed from erythrocytes, which 
settled to the bottom of the tube. The plasma which contained the leucocytes 
was transferred to another tube where, after centrifugation, leucocytic stroma 
collected in the bottom of the tube. Microscopie examination was made to de- 
termine whether the separation was complete. Every sample revealed that 
from 97 to 100 per cent separation of leucocytes had occurred and from 98 
to 100 per cent for the erythrocytes. 

Within one hour of drawing blood from human subjects, the GSH 
(sulfhydryl component) content was determined. The GSH calculations for 


*Armour and Co., Chicago, Ill., bovine fibrinogen, Lot 129-18, was used. 
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whole blood made immediately, compared with the determinations made after 
. one hour, were approximately equivalent. The results are summarized in 
: Table I. 
TABLE I, COMPARISON OF GSH (SULFHYDRYL COMPONENT) LEVELS IN HUMAN WHOLE BLOop, 
MADE IMMEDIATELY AND ONE Hour AFTER SPECIMEN WAS TAKEN* 
e 
IMMEDIATELY AFTER 1 HR. 
e 
GSH REDUCED GSH REDUCED 
f EXPERIMENT GSH TOTAL GSH TOTAL 
i 1 21.27 20.97 
f 22.58 22.55 
Ce 2 22.06 22.35 
e 23.48 23.44 
n 3 23.14 23.01 
rt 25.13 24.82 
i 4 18.65 19.05 
n 20.71 20.70 
|e 5 35.48 35.25 
38.01 38.05 
if 6 48.14 48.00 
e 51.63 51.55 
is 7 33.05 33.14 
18 34.00 34.25 
n 8 41.75 41.48 
1e 43.27 43.25 
*Method of Minor and Burnett® and Buckley and co-workers® and modified by us. 





Since Oberst and others*'-** found no great variation in GSH content of 
d drawn blood, within two hours after it had been taken, we believe that deter- 
minations made within the first hour are valid. 





The use of Binet and Weller’s modified method, we believe, has been sat- 
" isfactory, since the possible interference of ascorbic acid with the values ob- 
“ tained has been eliminated. JIodometriec methods are not satisfactory since 
a ascorbic acid is an interfering substance when such methods are used. Fujita 
and Numata‘ believed that at pH greater than 7.5 more ascorbic acid is 
a precipitated by the cadmium lactate used. We have checked the procedure 
Se and found that at pH 7.55, when ascorbic acid was dissolved in an acid solu- 
a tion of glutathione, only 1 per cent was precipitated. At lower pH values no 
ue precipitation occurred. As for cysteine, precipitation was of little significance 
be because this naturally occurring compound also contains -SH groups. In the 
wr experiments reported by us, no determination was made at a pH higher than 
98 7.5, which is in agreement with the recommendations of Binet and Weller.*® 
These authors insisted that determinations of -SH reducing substances should 
u be made within the pH range of from 7.3 to 7.55. We helieve, also, that the : 
vm present method is quantitative. It was found that precipitation was 99 per 


cent complete when cadmium lactate was added to a pure solution of gluta- 
thione and allowed to stand over a twelve-hour period or more. 
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The data presented in Table II (total sulthydryl compounds) show the 
mean values of reduced GSH in the leucocytes of six (normal) control indi- 
viduals (members of the staff of the laboratory). These values varied from 
3.57 mg. per 100 Gm. wet weight of leucocytes to 4.16 mg. per 100 Gm., with 
an average of 3.91 + 0.14 mg. per 100 Gm. of tissue. Subject G. T., with a 
leucocyte count of 8,260, showed approximately the same content of GSH as 
Subject H. A., with a leucocyte count of 4,500. In normal individuals, then, 
the -SH content of each cell is approximately the same and is not related to the 
total number of leucocytes in the circulation. 

The total GSH values of leucocytes were from 3.81 mg. per 100 Gm. of 
wet tissue to 4.28 mg. per 100 grams. The corresponding values of oxidized 
GSH ranged from 0.13 mg. per 100 Gm. to 0.28 mg. per 100 grams. Such com- 
parative values have not been reported previously. 

The data presented in Table III are of interest. Here are included re- 
sults obtained in three patients with chronic lymphatic leucemia, 1 with acute 
lymphatic leucemia, four with chronic myelogenous leucemia, and one with 
agranulocytosis. All these patients showed abnormal values of GSH (sulf- 
hydryl content), and during contro] of the dyscrasia the GSH (sulfhydryl 
content) approached norma] values. This is illustrated in the data of Patient 
H. T. who had chronic lymphatic leucemia of three years’ duration. The 
sulfhydryl content of cells had not returned completely to normal values 
while the patient was fairly well controlled. In acute lymphatic leucemia, a 
remarkable increase of GSH (sulfhydry] content) occurred, namely, 15.00 mg. 
per 100 Gm. of leucocytes. The other patients with chronic lymphatic leu- 
cemia showed a sulfhydryl range of from 7.15 to 8.12 mg. per 100 grams. The 
chronic myelogenous leucemias showed variation between the chronic lym- 
phatie leucemias and the acute lymphatie leucemias. It is of interest that in 
two patients, one during x-ray therapy and the other during a period free 
of x-ray therapy, there was a decrease in one and increase in the other of 
the GSH of the W.B.C. 

The reduced glutathione content of red blood cells varied in normal per- 
sons from 14.57 mg. per 100 Gm. to 18.10 mg. per 100 grams. In the leucemic 
patients, values from 15.34 mg. per 100 Gm. to 34.32 mg. per 100 Gm. were ob- 
tained. In general, values within the normal range were found in persons 
having erythrocyte counts in the normal range. Coexistent anemia may be a 
possible cause of abnormal glutathione (-SH) content of erythrocytes.*® *” * 
The total glutathione (-SH) content fluctuated between 16.85 mg. per 100 
Gm. and 36.13 mg. per 100 Gm., ie., slightly higher than normal values 
(which ranged from 16.02 to 19.01). 

That the leucemic leucocytes may react differently from normal cells was 
shown by a simple experimental procedure.* One milliliter of 1:1,000 epineph- 
rine solution was injected subcutaneously into normal and leucemic persons. 
Determinations of sulfhydryl compounds were then made on the leucocytes and 
erythrocytes separately. It was found (Fig. 1) that the GSH (-SH com- 





*This part of the work was done in collaboration with Dr. M. Ellenhorn and Miss Alice 
McBride. A more detailed report will be published later in collaboration with these associates. 
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ponents) increased in leucemic leucocytes more promptly and to a greater 
degree than in the white blood cells of normal] individuals. In leucemic pa- 
tients the increase was from two to three times the initial value. In norma] 
cells only a 50 per cent increase was found after epinephrine. The red blood 
cells showed inconstant changes, sometimes an increase and sometimes a de- 
crease of sulfhydryl content in leucemic patients. In normal] persons, there 


-SH IN WBC. -SH IN RBC, 
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Fig. 1.—Sulfhydryl content of leucocytes and erythrocytes in a normal and a leucemic person 
after administration of 1.0 ml. of epinephrine, 1:1,000 solution. 


was a more definite increase. The increase of sulfhydryl substances in whole 
blood was greater in leacemic persons than in normal persons. This dif- 
ference was not as great as in blood eells. The latter observation is in ac- 
cordance with reports from the literature. 


DISCUSSION 
The significance of the different reactions exhibited by normal and leu- 
cemic leucocytes is not known but certainly deserves further study. As a 
diagnostic procedure, it might be possible to differentiate by this chemical 
characteristic leucemic from normal leucocytes. Such a test would be far 























SULFHYDRYL CONTENT OF BLOOD CELLS IN DYSCRASIAS 937 


more reliable than present morphologic criteria. It is quite possible, also, 
that in certain leucemias the GSH (-SH component) levels may have prog- 
nostic importance. 

Platt*® first reported the presence of glutathione in leucocytes. In one 
case of myelogenous leucemia with 576,000 white blood cells per eubie milli- 
meter and 2,900,000 red cells per cubic millimeter, determinations were made 
separately because of the large number of leucocytes. Glutathione (-SH) con- 
tent of leucocytes of 15.1.mg. and 72 mg. for the red blood cells was reported. 
Since the iodometric method was used, the determinations were possibly inter- 
fered with by ascorbic acid. The same author reported a definitely high value, 
also, for the glutathione (-SH) content of lymphocytes in a patient with 
lymphocytic leucemia. Unfortunately, normal values for comparison were 
not given.*® 

Weil and associates,*° in their report on the glutathione (-SH) content in 
dyserasias, stated that in myelogenous leucemias, the total and reduced gluta- 
thione (-SH) in whole blood was above the normal range (17.5 mg. per 100 
Gm.). They cited values for their patients from 36.3 mg. per 100 Gm. to 57.1 
mg. per 100 grams. Our values obtained on similar patients were a little 
lower and fluctuated between 24.37 mg. per 100 Gm. and 42.73 mg. per 100 
Gm., perhaps because the patients were under treatment. It was also reported 
that in lymphatic leucemias a moderate increase of GSH (-SH) occurred with 
values between 13.7 mg. per 100 Gm. and 54.7 mg. per 100 grams. Our data 
agreed, since the lymphatic leucemia except the two who died (C. and H. L.) 
exhibited lower glutathione content in whole blood than in myelogenous leu- 
cemia. Our values ranged between 20.53 mg. per 100 Gm. and 25.47 mg. per 
100 grams. It was concluded by Weil and co-workers*’ that a direct relation- 
ship did not exist between leucocytosis and glutathione content of the blood. 
However, they suggested that there is always an augmentation of -SH com- 
pounds which occurs in leucemias. Bichel** reported that the absolute gluta- 
thione (-SH) value in leucemias was considerably higher than the highest 
normal values, and generally they were highest with corresponding high leuco- 
eyte counts. But he found no direct correlation between the number of leuco- 
cytes and the GSH levels obtained. 

The leucemic patients in the present series exhibited different -SH values 
in leucocytes in comparison with those of normal persons and the one patient 
with granulopenia. The highest value was found in one case of acute lymphatic 
leucemia, which terminated fatally, and in another fatal case of chronic lym- 
phatie leucemia. In a third patient with chronic myelogenous leucemia, in 
whom the white count increased rapidly from 15,000 to 150,000 before x-ray 
treatment, the patient survived. The GSH values decreased in this patient 
during the treatment from 14.56 to 10.05 mg. per 100 Gm. in the leucocytes, 
with a fall in leucocyte count from 111,000 to 57,000. Patients with chronic 
lymphatie leucemia and chronic myelogenous leucemia exhibited lower values, 
and one had an approximately normal value (4.67 mg. per 100 Gm.). On ces- 
sation of x-ray therapy, after twenty days the -SH values approximately 
doubled. 
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Weil®’ and Bichel** found that after treatment with x-ray the decrease 
of leucocytes was followed by a decrease of glutathione (-SH). This was ob- 
vious in our experience, as well, where the glutathione content of leucocytes 
decreased during treatment with a decrease in number of leucocytes. One au- 
thor did not believe that x-ray treatment caused a fall in glutathione content, 
but evidence from the literature generally supports the opposite hypothesis. 
Barron and co-workers*® found that by irradiation of different -SH containing 
enzymes with doses varying from 1 r. to 500 r., a complete inhibition of en- 
zyme activity was produced. The effect on glutathione (-SH) was obvious 
since after replenishing it, a complete reactivation occurred. Patt and associ- 
ates** reported that when cysteine was administered to rats prior to irradia- 
tion,the toxicity was greatly diminished. Woodward** and others** ** °° have 
reported that in vitro and in vivo irradiation destroyed glutathione. Uchi- 
mura writes that in an optimum dosage of radiation an increase of gluta- 
thione developed, but the reverse occurred when an excessive dose was given. 
Hammet*’ concluded that the action of radium in weak, nondestructive 
amounts is largely due to destruction of sulfhydryl-containing compounds, 
which are naturally occurring chemical stimuli to growth and multiplication 
of cells. 

Weil and Bichel both agree that sometimes, in individual cases, the -SH con- 
tent and leucocyte counts may parallel. But when the data of several pa- 
tients were pooled, this relationship was not so constant. We agree that there 
is no true parallel relationship if all patients are considered. The cellular 
content of -SH compounds is believed to be more or less constant and depends 
upon more than one factor, and so the fluctuations in each individual are of 
definite magnitude. 

The present results in leucemic patients suggest a high glutathione con- 
tent of leucocytes not previously reported by others, excepting Platt,*® who 
used a nonspecific method. Perhaps high cellular content of sulfhydryl com- 
ponents suggests malignancy or immaturity of leucocytes. Konikova’* showed 
that young tumor tissues in rats exhibited a high content of reduced -SH 
which was followed by a marked fall during the necrosis of the tumor. It 
would be helpful to have -SH determinations on young immature white cells 
and on older leucocytes, but a satisfactory method for this purpose is not avail- 
able. Cell division may depend upon optimal -SH components 

The one patient with granulopenia exhibited a definitely lower glutathione 
(-SH) content than normally encountered. Kracke* has suggested that gran- 
ulopenia has some relationship to the glutathione factor. 

It is known that many drugs which produce granulopenia produce also 
a fall in blood glutathione. Whether decrease in the glutathione occurs first, 
as suggested by Parker,** or after decrease in leucocytes is not certain. But 
it is certain that where a hypoglutathionemia develops, a granulopenia usu- 
ally oeceurs.*® ® ©! The work of Barron and co-workers*! emphasizes the im- 
portant response of -SH components to chemical and physical agents. They 
found that small concentrations of active materials increased the respira- 
tion of sea urchin sperm with the reverse result when the concentrations were 
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increased. It is quite possible, thus, to offer an explanation as to why the 
radiologists who are exposed frequently to small amounts of radiation de- 
velop leucemias to a greater degree than other physicians.*” 

Gugliucci® stimulated the reticuloendothelium system of animals and 
found an increase in glutathione content of the whole blood. The reverse 
action was observed when he blocked the same system. This system may con- 
tain the mechanism which maintains optimal -SH relationships for biologic 
processes. The proposed treatment of agranulocytosis by small doses of 
x-ray®* might be rationalized on this basis. Unsatisfactory results might be 
explained on the basis of dose levels beyond the optimal range. 


SUMMARY 

A method has been perfected for the separation of leucocytes from 
erythrocytes of whole blood. 

White cells of leucemic patients contain larger amounts of -SH contain- 
ing substances than the white cells of normal persons. 

With optimal control, by radiologic or other means, -SH substances may 
approach the normal range. 

Reducing substances (-SH groups) of leucocytes provide a better index 
of the state of leucemia than such substances in whole blood. 

It is possible that in the leucemias the -SH content of white cells may 
have prognostic importance. 

A therapeutic test with epinephrine indicates that the -SH content of 
the white cells of leucemice patients increases to a greater extent than that of 
normal persons. 
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OBSERVATIONS ON THE ETIOLOGIC RELATIONSHIP OF 
ACHYLIA GASTRICA TO PERNICIOUS ANEMIA 


XII. Famure or THymMus AMINOPOLYPEPTIDASE TO Act AS INTRINSIC FACTOR 


Rosert F'. ScHILLING, M.D.,* JosePH 8S. FRutTon, Pu.D., B. H. J. Horstee, Px.D., 
ARNOLD D. Wetcu, M.D., Pu.D., Jonn W. Harris, M.D., FRANK H. 
GARDNER, M.D., aNp WiLu1AM B. Caste, M.D. 

Boston, Mass. 


INTRODUCTION 


ORMAL human gastric juice when given orally to patients with untreated 

pernicious anemia together with various substances including beef muscle,’ 
purified liver extract,? or pure vitamin B,.” * potentiates the hematopoietic ac- 
tivity of such substances. This activity of normal human gastric juice has been 
attributed to a so-called gastric (intrinsic) factor. The material present in beef 
muscle and other substances (probably vitamin B,, or closely related com- 
pounds)? which is so potentiated by gastric juice has been called the food (ex- 
trinsic) factor. 

Because the active principle of normal human gastric juice is thermolabile, 
nondialyzable, and does not produce hematopoietic effects when administered in 
a strongly buffered mixture with beef muscle at pH 3.5 or below, it has been 
thought to be an enzyme. Inhibition of proteolytic activity against casein of 
pepsin-free normal human gastric juice at a similar acid range of pH values 
also has been described.* Gastric pepsin, rennin, and lipase, like the enzymes of 
the normal human saliva and duodenal contents devoid of gastric secretions,” 
do not possess intrinsic factor activity. Preparations of hog stomach and duo- 
denum exhibit both intrinsic and extrinsic factor activity.® 

Few attempts to concentrate the intrinsic factor activity of normal human 
gastric juice or of hog stomach mucosa have been reported.” * Agren, using a 
erude preparation derived from the pyloric mucosa of the hog, concentrated its 
aminopolypeptidase activity 100-fold.° According to Waldenstrom, hemato- 
poietic responses were observed in suitable patients with pernicious anemia when 
the preparation containing aminopolypeptidase derived from about 10 Gm. of 
fresh pyloric mucosa was given daily by mouth together with derivatives of 
either 30 Gm. of liver® or of 200 Gm. of beef muscle.?° Neither the aminopoly- 
peptidase preparation nor the liver or beef muscle derivatives alone were found 
to be hematopoietically active. 

On the basis of these observations, Agren and Waldenstrém have advanced 
the theory that the intrinsic factor might be identical with the enzyme, amino- 
polypeptidase. However, because of the possibility that in the concentrated 
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though still impure preparations they employed the intrinsic factor activity 
may have been present only as a contaminant, it was considered desirable to re- 
investigate the problem using as a source of aminopolypeptidase a preparation 
considered unlikely to contain intrinsic factor activity unless due to amino- 
polypeptidase activity itself. A relatively purified preparation of the enzyme™ 
was obtained from calf thymus. In addition, determinations of the aminopoly- 
peptidase activity of gastric juice of known intrinsic factor activity were made 
on samples obtained from normal human subjects. 


METHODS 


Five separate lots of aminopolypeptidase-containing solutions were prepared by one of 
us (J. S. F.) from calf thymus and their hydrolytic activity against glycylglycylglycine was 
assayed as previously described.11 The solution comprising each lot was equally divided 
among twenty or thirty glass test tubes. The contents of each tube were then lyophilized and 
sealed off in vacuo. The contents of one tube were arbitrarily considered to be a suitable 
daily dose for a given patient. Immediately before use, each tube was opened and the contents 
were reconstituted to a convenient volume (about 30 to 50 ml.) with distilled water. When 
required for control purposes, aminopolypeptidase was inactivated either by boiling for five 
minutes in a water bath or by acidifying the enzyme solution to pH 2.6 by the addition of 
0.33N HCl, incubating for one hour at 40° C., and subsequently adjusting to pH 4.7 with 
0.1N NaOH. 

Assay for intrinsic factor activity in the active preparations of aminopolypeptidase was 
made in three patients with typical pernicious anemia, either previously untreated or in 
relapse, using the method of serial reticulocyte responses during successive contiguous periods 
of ten or more days of uniform daily oral administration of the test substances.12 Conven- 
tional methods involving frequent examinations of venous blood samples and daily reticulocyte 
counts were employed. The diagnosis of pernicious anemia was established in each patient 
by the demonstration of characteristic peripheral blood and bone marrow abnormalities, 
histamine refractory achlorhydria, and eventual response to orally administered mixtures of 
normal human gastric juice and vitamin B,,. While under observation, the patients received 
a diet containing no meat, fish, or eggs and little milk. The last meal of the day, consisting 
of tea, toast, and jelly, was given at 4. P.M. At 8 P.M. the test substances were administered 
orally in a volume diluted to about 50 ml. with water. No food was allowed until breakfast 
the following morning. 

After a control period of three or four days, three periods of observation were made 
on each patient. To each patient during each test period an oral dose of 5 wg of vitamin 
B,.* was administered daily. During the first test period, an inactivated aminopolypeptidase 
preparation; during the second, the same amount of an active aminopolypeptidase prepara- 
tion; and during the third, 10 or 150 ml. of normal human gastric juice were given together 
with the vitamin B,,. 


Three samples of normal human gastric juice were tested for aminopolypeptidase activity 
by two independent observers using slightly different methods, Two of the samples had been 
lyophilized and one was fresh gastric juice. Lyophilization does not destroy the activity of 
the aminopolypeptidase used in these observations (see Table II). Aliquots of this sample 
of lyophilized gastric juice were shown to possess intrinsic factor activity when tested in a 
patient with pernicious anemia.13 

In the first assay method,t 1.0 ml. of 0.2M alanylglycylglycine was used as the substrate 
and also served as the buffer. To this were added, as sources of enzyme to be tested, amounts 
up to 0.5 ml. of neutralized fresh normal human gastric juice together with sufficient water 


*Supplied through the courtesy of Dr. Augustus Gibson of Merck & Co., Rahway, N. J. 
7B. H. J. Hofstee. 
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to give a total volume of 2.0 milliliters. In other experiments, gastric juice and the recon 
stituted lyophilized lymphopeptidase preparation were added together in order to study the 
effect of gastric juice on the hydrolytic activity of the lymphopeptidase preparation (see 
Table II). Following an incubation period of forty-five minutes or longer at 32° C. at pH 
7.8, 5.0 ml. of 0.1N HCl in 90 per cent ethanol were added to stop the reaction. The reaction 
mixture was then transferred with the aid of 20 ml. of acetone to an Erlenmeyer flask, in 
which a critical titration was carried out with 0.1N alcoholic sodium hydroxide, using ‘‘naph- 
thyl red’’ as the indicator, as described by Linderstrém-Lang.14 The control blanks were 
prepared by adding the acid ethanol to the enzyme-gastric juice mixture before the addition 
of the substrate. Peptidase activity is expressed as milliliters of 0.1N alkali liberated. 

In the second assay method,* the lyophilized equivalent of 10 ml. of gastric juice was 
reconstituted with 5 ml. of water and 0.5 ml. aliquots were tested for activity against glycyl- 
glycylglycine at pH 7.6 (Veronal buffer) at 38° C. The total volume of solution in each 
reaction flask was 2.5 ml.; the substrate concentration was 0.05M; and the hydrolysis was 
followed for three hours by Grassmann and Heyde’s!5 method of measuring the liberation 
of carboxyl groups. 

This method was also employed in order to express the activity of the aminopolypeptidase 
preparations in terms of peptidase units. Such a unit is arbitrarily defined as the amount 
of enzyme which will hydrolyze the peptide bond next to the free amino group1! of glycyl- 
glycylglycine at the rate of 1 per cent per minute under the reaction conditions already stated. 
According to this method, the two thymus preparations employed in the clinical observations 
constituted a daily dose of either 25 or 206 peptidase units. 


RESULTS 


The data recorded in Table I indicate that the hematopoietic activity of 
5 pg of vitamin B,, upon oral administration was not increased by the simul- 
taneous ingestion of active preparations of aminopolypeptidase derived from 
calf thymus. The only suggestion of a positive effect occurred in the first pa- 
tient studied, Case 114, when the reticulocytes reached a peak of 6.3 per cent 
on the tenth day of the second period, during the administration of the active 
aminopolypeptidase preparation together with 5 yg of vitamin B,,. During the 
third period of observation when this patient was given 150 ml. of fresh neu- 
tralized normal human gastric juice together with 5 yg of vitamin B,, the re- 
ticulocytes reached a peak of 9.2 per cent on the tenth day from an initial 
level of 2.05 million red blood cells per cubie millimeter. This observation sug- 
gested that there might be some intrinsic factor activity in the aminopolypep- 
tidase solution, the daily dose of which contained about 25 peptidase units. 
Nevertheless, when two more patients, Cases 115 and 116, were similarly tested, 
each failed to demonstrate a reticulocyte response with the active aminopoly- 
peptidase preparation. In Case 115 the same enzyme preparation was used as 
in Case 114, and in Case 116 the daily dose of the enzyme preparation employed 
contained 206 peptidase units. That the patients were capable of responding to 
intrinsic factor was then demonstrated in each instance by a definite reticulo- 
cytosis together with an increase in hematocrit, erythrocytes, and hemoglobin, 
and by subjective improvement when neutralized normal human gastrie¢ juice 
was substituted for the aminopolypeptidase preparation in the third period of 
each observation. 





*Joseph S. Fruton. 
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TABLE I. EFFrectT oF DAILY ORAL ADMINISTRATION OF 5 uG OF VITAMIN B,, 
WITH VARIOUS SUBSTANCES 


















































DAYS CASE 114 CASE 115 CASE 116 
OF R.B.C. RETICS R.B.C. RETICS R.B.C. | RETICS 
TREATMENT | X 106/MM.3 | (%) x 106/MM.3 (%) x 106/MM.3 (%) 
FIRST PERIOD: INACTIVATED AMINOPOLYPEPTIDASE SS” 
as 1.55 1.8 Li. oor Tf 1.8 
2 2.2 0.4 1.60 2.4 
4 Sek 1.60 0.7 1.68 Fs BY A 
6 1.46 4.3 1.49 0.4 1.60 3.0 
8 7.8 1.5 1.7 
10 1.70 9.8 2 ee 1.6 1.64 2.6 
12 1.65 11.3 2.00 <Tf8 gz 1:60 4.0 
14 4.6 1.4 Pa e ee 
% SECOND PERIOD: ACTIVE AMINOPOLYPEPTIDASE 
. 25 UNITS ~ 95 UNITS | 806 UNITS” 
2 1.73 5.0 193 #4418 1.6L 2.1 
4 aa 1.8 1.82 1.2 1.70 aa 
6 3.4 1.91 bl 1.67 2.4 
8 Lite 5.4 1.88 2.1 1.66 1.9 
10 1.84* 6:8 L738" 1.8 2.4 
12 oar 2:5 1.52 1.6 
14 2:0) 1.90 2:5 1.54 1.6 
THIRD PERIOD: NORMAL HUMAN GASTRIC JUICE _ 
150 ML. 10 MLO : 10 ML. 
‘iis ie as oar = << fs 
2 1.6 1.78 2.5 1.80 1.5 
4 2.05 ge 1.90 2.5 1.83 1.0 
6 1.94 2.4 1.4 1.0 
8 6.1 1.78 0.8 1.82 2.7 
10 2.52 9.2 gy 45° O33 1.96 6.6 
12 2.30 6.6 3.6 4.9 
14 ay La 13.6 2.02 3.5 
16 2.238 14.0 
18 2.36 9.2 














Rule indicates end of therapy in period. 

Tfs, 250 ml. packed R.B.C. given since previous counc. 

“Active aminopolypeptidase discontinued, vitamin By continued. 

Neither fresh nor lyophilized normal human gastric juice demonstrated 
polypeptidase activity when tested according to either of the two methods al- 
ready described. Moreover, it was shown that unneutralized gastric juice 
destroyed the activity of the thymus ‘‘lymphopeptidase’’ preparation which was, 
in fact, inhibited to some extent even by neutralized gastric juice. The results 
of typical observations by the first of the two methods are shown in Table IT. 


DISCUSSION 


Andersen and Faber'® found aminopolypeptidase activity of comparable 
amounts in saliva from normal human subjects, in saliva from patients with 
pernicious anemia, and in gastric juice from patients with achlorhydria either 
with or without pernicious anemia. Normal human saliva, however, does not 
contain intrinsic factor.’ In the light of these observations it could perhaps 
have been anticipated that thymus aminopolypeptidase would not act as intrinsie 
factor. Moreover, we found a total lack of aminopolypeptidase activity in fresh 
as well as in lyophilized samples of normal gastric juice known to be clinically 
active as sources of intrinsic factor. 
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The available data on the specificity, pH stability, and activation behavior 
of tripeptide-splitting enzymes derived from intestinal mucosa, skin, lung, 
muscle, serum, and lymph indicate their similarity to the presently employed 
‘‘lymphopeptidase’’ derived from calf thymus.'' The activity of the amino- 
polypeptidase preparation from hog pyloric mucosa was assayed by Agren using 
alanylglyeylglycine as substrate. This determination was presumably similar 
to that employed in the first method of assay referred to herein, which demon- 
strated activity in the thymus preparation but none in the samples of normal 
human gastric juice employed. The thymus preparations utilized here should 
then serve to determine whether or not the tripeptide-splitting enzyme is re- 
sponsible for the so-called intrinsic factor activity in normal human gastrie juice 
as suggested by Agren and Waldenstrém. Recent studies with known sources 
of intrinsic factor such as normal human gastrie¢ juice,’ extracts of hog stomach,'” 
or of hog duodenum'* demonstrate that all of them potentiate the hematopoietic 
activity of vitamin B,,. This indicates the general validity of the use of vita- 
min B,, in the present tests for intrinsic factor activity of thymus aminopoly- 
peptidase instead of the liver and beef muscle derivatives employed as extrinsic 
factor by Agren and Waldenstrém. The eventual hematopoietic potentiation of 
the vitamin B,, by the gastric juice in the third periods of each case indicates 
the propriety of its use in these particular patients. Consequently, the negative 
results obtained with the thymus preparation render it unlikely that intrinsic 
factor derived from either human gastric juice or hog stomach is an aminopoly- 
peptidase. 

Recent observations” * '° with pure vitamin B,, strongly suggest that this 
substance is the active principle of both crude and relatively purified sources of 
extrinsic factor such as beef muscle and purified liver extract respectively. Vita- 
min B,, also appears to be the chief active principle of purified liver extract 
effective upon parenteral administration in pernicious anemia. According to 
Walsh and associates”? purified liver extract, as well as pteroylglutamie acid, 
directly catalyzes in vitro the uptake of radioiron by cells from the bone marrow 
of patients with pernicious anemia in relapse. Horrigan and Vilter®' have 
demonstrated maturation of megaloblasts locally in the bone marrow at the site 
of injection of vitamin B,,. Therefore, the function of the intrinsic factor now 
seems to be merely to facilitate-the absorption of extrinsic factor from the in- 
testinal tract rather than to effect some essential chemical change in its con- 
stitution leading only eventually to its ability to promote erythropoiesis in the 
bone marrow. 

Though apparently specific’? for vitamin B,., facilitation of its transport 
across the intestinal wall does not necessarily imply a direct effect of intrinsic 
factor upon vitamin B,, in vitro such as has been reported recently by Ternberg 
and Eakin.??. Alternatively, it may be supposed that the intrinsic factor reacts 
with some substance located in the intestinal wall, which then in turn comes to 
possess a specific function with respect to the absorption of vitamin B,.. The 
lack of hematopoietic potentiating activity of normal human gastric juice on 
beef muscle when given at an acid reaction’ could be explained by inhibition of 
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this hypothetical substance if located superficially in the intestinal wall. On 
this supposition, the fact that, as shown by Brink and associates,** the nature 
of the hydrolytic products of crystalline vitamin B,, proves that it is not a 
peptide does not necessarily contribute further to the present evidence against 
an aminopolypeptidase acting as a so-called gastric (intrinsic) factor. 

As shown in the observations upon Cases 115 and 116, as little as 10 ml. 
of normal human gastrie juice can detectably potentiate the activity of 5 pg 
of vitamin B,, upon simultaneous daily oral administration. This finding sug- 
gests that, because of variable amounts of swallowed saliva and the undetermined 
loss of secretion by rapid emptying of the stomach via the pylorus, an estimate 
of the volume of the true gastric secretion of the patient with pernicious anemia 
could scarcely be made with an accuracy of + 10 milliliters. Many patients with 
‘“fachylia gastrica’’ never develop pernicious anemia, some only many years 
after ‘‘achylia’’ has been discovered. However, in view of the demonstrated 
activity of small amounts of gastric juice, the usual clinical methods of deter- 
mining the volume of gastric secretion would seemingly be quite unable either 
to establish or to deny the physiologic adequacy of intrinsic factor among such 
patients. 

CONCLUSIONS 


Active preparations of aminopolypeptidase derived from calf thymus failed 
to show consistent hematopoietic potentiating effects in three patients with per- 
nicious anemia when given daily and simultaneously with an oral dose of 5 pg 
of vitamin B,,. 

Immediately thereafter, in each patient, neutralized normal human gastric 
juice in amounts of either 10 or 150 ml. daily exhibited a significant potentiating 
effect on 5 pg of vitamin B,,. 

This evidence indicates that aminopolypeptidase from calf thymus did not 
possess intrinsie factor activity. 

Neutralized normal human gastric juice known to contain intrinsic factor 
did not possess aminopolypeptidase activity as did the thymus preparations, 
when tested against glycylglycylglycine or alanylglycylglycine. 

That as little as 10 ml. of normal human gastric juice possessed detectable 
intrinsie factor activity suggests that in persons without pernicious anemia 
demonstration of histamine-fast ‘‘achylia’’ by the usual clinical methods is not 
necessarily evidence for physiologic absence of intrinsic factor. 
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LABORATORY METHODS 


SIMPLE DIGESTION UNIT WITH NOTES ON THE MICRODETER- 
MINATION OF NITROGEN BY DIRECT NESSLERIZATION 


JANE NiIcoLet Toa, M.S., AND EstHER P. DANIEL, Sc.D. 
BetHespa, Mp. 


SUFFICIENT number of laboratories have expressed difficulties with the 

microdetermination of nitrogen, where nesslerization is employed, to 
prompt us to indicate in a brief note the precautions which have eliminated our 
own troubles. We have included also a description of a convenient digestion 
unit* which is more compact and adaptable and considerably less expensive than 
those commercially available. 

The digestion unit consists of an ordinary eight-inch hot plate fitted with a 
removable rack for holding tubes or flasks of various types and sizes. The rack 
is made of a notched Transite disk attached by metal strips to a notched metal 
band of somewhat greater circumference than the hot plate. The Transite disk 
rests directly on the hot plate and serves as a brace for keeping the bottoms of 
the flasks in position. The metal band supports the flask necks at an approxi- 
mately 35 degree angle. Appropriately placed pins on the base position the 
rack on the hot plate. Fig. 1 illustrates the construction and adaptability of the 
unit for various sizes and shapes of digestion flasks: A, test tubes, and B, tissue 
culture flasks. 

In this laboratory, digestion of the samples (usual nitrogen range 0.01 to 
0.35 mg.) is made with 50 per cent H.SO, (on basis of 1 ml. concentrated H.SO, 
for 0.75 to 1.5 mg. N) using powdered Se as catalyst and 1 to 3 drops of 30 per 
cent H.,O, for clearing. The constituent formula of Folin and Wu! for Nessler’s 
reagent is used, while the end point criteria in the preparation of the potassium 
mercuric iodide stock solution is that of Koch and MeMeekin.? Direct nessleriza- 
tion is carried out with 15 ml. of Nessler’s reagent for each milliliter of 50 per 
cent acid used in digesting the sample. An eight point standard curve is run 
with every series of determinations. 

Adherence to the following precautions in the preparation of reagents and 
nesslerization has insured crystal clear solutions which remain so for hours. 

1. Complete solution of I in KI. Best results have been obtained by allow- 
ing this mixture to stand overnight. 

2. Preparation of a carbonate-free, 10 per cent NaOH solution with an ac- 
curacy of 3 per cent. 

From the National Cancer Institute, National Institutes of Health. 


Received for publication July 24, 1950. 
*We are indebted to Mr. F. Highhouse for constructing the digestion unit. 
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Fig. 1.—Micro-Kjeldahl digestion racks adaptable to different types of flasks. A, Test tubes; 
B, tissue culture flasks. 
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3. Preparation and titration of Nessler’s reagent on the day used. The 
mereury complex stock solution (HgI,-2KI) keeps indefinitely but NaOH 
should not be added before the day on which the reagent is needed. Titration 
against 50 per cent H,SO, using methyl red as indicator should not exceed a 
range of 10.3 to 10.7 ml.of Nessler’s to 1 ml.of acid. 

4. Cooling of all solutions before use. The Nessler’s reagent, the partially 
diluted standard and sample solutions, and the ammonia-free water for dilutions 
should all be cooled below 10° C. in an ice bath prior to nesslerization. 

5. Rapid and thorough mixing of Nessler’s reagent with sample solution. 
We have found that the most effective mixing is obtained by ejecting the Nes- 
sler’s reagent from a syringe (without needle) into volumetric flasks containing 
the samples. 


Attention to the preparation of reagents with cooling of all solutions prior 
to direct nesslerization insures development of color without clouding. At no 
time has it been necessary to employ ghatti gum to stabilize these solutions which 
remain crystal clear and give reproducible photometric readings for several 
hours after nesslerization. 
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78. LABORATORY AND CLINICAL EFFECTS OF ACTH ON PATIENTS 
WITH RHEUMATOID ARTHRITIS 


Freperic A. Lestina, M.D. (By Invitation), SmitH FREEMAN, M.D., Pu.D., 
AND Davip E. Marxson, M.D. (By Invitation), Cuicaao, ILL. 


Laboratory and clinical observations were made on seventy-nine patients 
with rheumatoid arthritis receiving ACTH. Twenty-four patients of this 
group were studied in considerable detail over a seven-week period of hos- 
pitalization. The remaining patients were hospitalized for shorter periods of 
time. While on a constant diet and a definite dosage schedule for ACTH, 
weekly studies were made on blood and urine. The blood studies included the 
following: CO,, sodium, potassium, chlorides, sugar, cholesterol, urie acid, 
and proteins including fibrinogen. Urine determinations included sodium, 
potassium, phosphorus, nitrogen, urie acid, creatinine, calcium, neutral 17- 
ketosteroids and in some instances glucuronic acid, glucosamine and eighteen 
different amino acids. The hematologic studies consisted of sedimentation 
rates, complete blood counts, hemoglobin and eosinophile determinations using 
the counter chamber technique for the latter. Most of these patients were 
given the “adrenalin test” before ACTH therapy was instituted. 

Approximately fifty-five other patients also received ACTH. This group 
was followed by daily intake and output records, weights and blood pressure 
readings with occasional sedimentation rates and fasting blood sugars. The 
length of therapy for these patients averaged four weeks. 

Both groups were clinically evaluated as far as therapeutic response 1s 
concerned in terms of relief of pain, increased motion of afflicted joints, and 
diminution of swelling. Evidence of side reactions were noted if present. 
Four patients have been observed for periods of time varying from six to 
seventeen months while receiving 20 mg. of ACTH daily. 

Patients’ ages ranged from 13 to 80 years. The dosage of ACTH ranged 
from 100 mg. to 20 mg. daily. Twenty-eight patients had advanced arthritis. 
Twelve of these patients failed to respond objectively to ACTH therapy. 
Thirty-five patients studied had moderately advanced arthritis. All of these 
patients showed objective and subjective improvement while on ACTH 
therapy. 

Seventeen patients had early rheumatoid arthritis. This group showed 
the greatest clinical improvement from ACTH during therapy and had the 
least regression after ACTH was discontinued. 

The sedimentation rate was the laboratory test that could be correlated 
most closely with clinical evidence of improvements. No serious toxic mani- 
festations were encountered in any of the patients included in this study. 
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79. EFFECTS OF AZOTEMIA ON MARROW ACTIVITY 


WiuuiaM C, Levin, M.D., LLoyp Grecory, Jr., M.D. (By Invitation), Huan 
Tsar, M.D. (By INVITATION), AND RAYMOND Grecory, M.D., GALvesTon, TEXas 


This study was carried out in six dogs and eighteen human beings. Bone 
marrow activity was studied in all cases when the level of the blood nonprotein 
nitrogen was markedly elevated. Peripheral blood studies were performed in 
all human beings but not in the dogs. It was considered that the animal 
studies depicted bone marrow effects of acutely induced uremia and that the 
human studies reflected the effect of chronie uremia. 

Azotemia was produced in five dogs by either bilateral ureteral ligation 
or nephrectomy and in one animal by a Goldblatt procedure. The marrows 
were studied before and after these procedures. In the first five animals, mar- 
row studies demonstrated pronounced depression of erythroid activity. In 
these instances the myeloid-erythroid ratios ranged between 4/1 and 66/1, 
and in four of these the range was between 9/1 and 66/1. In the one animal 
with chronic uremia, the myeloid-erythroid ratios on two examinations were 
3.2/1 and 4.7/1. 

The levels of the blood nonprotein nitrogen were from 53 mg. per cent to 
93 mg. per cent in four human subjects and from 104 mg. per cent to 394 mg. 
per cent in fourteen human subjects. No marrow aplasia was observed in any 
case. In the group with N.P.N. levels below 100 mg. per cent, the myeloid- 
erythroid ratios varied between 1.3/1 and 4/1. In all of these subjects, the 
marrow appeared either normally cellular or hypercellular. The myeloid- 
erythroid ratios in the group of patients whose N.P.N. levels were above 100 
mg. per cent were between 10.5/1 and 66/1 in six cases and 1/1 and 6.4/1 in 
eight cases. One marrow showed replacement by myeloma cells. 

In experimentally produced acute azotemia in dogs, there appears to be 
an actual quantitative depression of erythrocyte precursors. However, the 
anemia which is consistently present in chronic uremia in human beings does 
not appear to be due to depression of erythropoietic activity in all instances. It 
is suggested that the anemia may be due to some interference with maturation 
and/or delivery of erythrocytes by the retained toxic products. The occa- 
sional occurrence of erythroid hyperplasia further suggests that the anemia 
may be due in part to a hemolytic component. The degree of erythroid depres- 
sion appears to be directly related to the level of the blood nonprotein nitrogen. 


80. THE EFFECT OF PROTEIN HYDROLYSATES AND AMINO 
ACIDS ON THE UREMIC RAT 


Joun H. Linpperc, M.D. (By INviraTION), AND SMITH FREEMAN, M.D., Pu.D., 
CuicaGo, ILL. 


This study was undertaken to determine whether or not the parenteral ad- 
ministration of protein hydrolysates or amino acids influences the survival time 
of anurie animals. Four protein hydrolysates or amino acid mixtures and 
thirteen specific amino acids were administered to rats made anuric by ureteral 
ligation. Survival time and blood chemical changes were studied. Some con- 
trol groups received no injections, while other groups were given 10 per cent 
glucose or a mixture of glucose and urea in amounts necessary to provide com- 
parable amounts of fluid or nitrogen, respectively. The protein hydrolysate or 
amino acid mixture was given at a dosage level of 3 Gm. per kilogram per day, 
or twice that amount. The various amino acids were given in equimolar dos- 
ages, namely 13.8 ml. of 1.33 molar solution per kilogram per day. A few 
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amino acids were given at one-half this dosage because of their low solubility 
in water. Nearly 800 rats were used in this study. The statistically significant 
differences between the control groups and animals given protein hydrolysates 
or individual amino acids are as follows: (1) Protein hydrolysates and a mix- 
ture of amino acids all reduced the survival time of anuric rats when given at a 
dosage of 3 Gm. per kilogram per day. (2) Casein-acid hydrolysate and the 
amino acid solution caused a greater decrease in survival time than did a 
plasma-protein enzyme hydrolysate or casein-enzyme hydrolysate. (3) In- 
creasing the intake of hydrolysate decreased survival time. (4) The amino 
acids tested may be divided roughly into three groups, according to their 
effect on the survival time of the anuriec rat: (a) little or no effect, dl-valine, 
dl-isoleucine and I1(—) leucine; (b) moderate effect, dl-threonine, dl-alanine, 
glyeine, /-phenylalanine and dl-phenylalanine; (ce) marked effect, 1(+) arginine, 
dl-tryptophane, /(+) lysine, dl-methionine, /(+) glutamic acid and 1(+) histidine. 
(5) No correlation was demonstrated between the serum N.P.N., inorganic phos- 
phorus or potassium increase, and survival time of the uremic rat. 


81. THE BENZOIN AND SHELLAC TURBIDITY AS LIVER 
FUNCTION TESTS 


M. C. F. Linpert, M.D., anp Jack J. Levin, M.D., Woop, Wis. 
(INTRODUCED BY Maurice HaArporove, M.D.) 


Aberrations of blood protein are generally considered the chemical basis 
for the majority of the flocculation or turbidity liver function tests. The pro- 
tein change is believed to be predominantly in the globulin fraction. Because 
of these observations, Fischer and Wiltner felt it might be advantageous to 
apply the tests for excess spinal fluid globulin to determinations of excess blood 
globulins. They concluded that these tests correlated fairly well with some of 
the other flocculation tests, and that further studies were warranted. 


The purpose of our study was to evaluate these two tests and compare 
them with other flocculation and turbidity liver function tests such as the 
cephalin-cholesterol flocculation, thymol turbidity, and zine turbidity. At the 
outset of the investigation, we followed the technique as described by Fischer 
and Wiltner. Later the technique was modified to improve their practical 
application. 

Both the shellac and benzoin tests were performed a total of 455 times. 
A series of 100 blood bank eases were utilized as control of which 22 cases re- 
vealed abnormal shellac and 10 abnormal benzoin. Eighty-eight cases were 
taken at random from hospital admissions. Fifty-seven revealed abnormal 
shellac, 27 abnormal benzoin. Two hundred four patients were studied who 
had positive, probable, or possible hepatic disease. One hundred and twenty- 
seven had abnormal shellac, 59 abnormal benzoin. Eight cases were given a 
fatty meal and retested, and no appreciable change in turbidity was observed. 
In general, there was a definite correlation with the thymol turbidity, zine 
turbidity, and cephalin cholesterol. Of the hepatic cases, the studies correlated 
extremely well, and in some instances revealed abnormalities when the other 
flocculation tests were doubtful. We gained the impression that the shellac 
may be too sensitive and may give rise to a good percentage of false positives. 
The benzoin test appeared more reliable and, if positive, can be considered a 
rather definite evidence of hepatic involvement. False positive reactions can 
be expected in the same conditions that produce false positives with the other 
flocculation and turbidity tests. Further evaluation of the benzoin test is 
indicated. 
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82. A REPORT ON THE USE OF KHELLIN IN ANGINA PECTORIS 


BERNARD S. Lipman, M.D. (By InviTaTION), AND Epwarp Massig, M.D., 
St. Louis, Mo. 


Considerable interest has been revived lately in khellin, the active prin- 
ciple extracted from seeds of a plant which grows in the Eastern Mediter- 
ranean area. A carefully controlled study was undertaken to determine the 
therapeutic effect of khellin in 13 highly selected patients with severe angina 
pectoris who were followed in the Washington University Clinics and in private 
practice. Every attempt was made to reduce the pitfalls associated with 
accurate evaluation of clinical responses. 

Identically appearing placebo tablets were given for varying periods of 
time both before and at intervals during the course of khellin administration. 
The ages ranged from 51 to 75 years. Eleven of the thirteen subjects were 
male; two had mild diabetes, and four had hypertension. Their history of 
coronary disease ranged from five months to fourteen years. The duration of 
the study varied from one to four months. Khellin dosage initially was 150 
to 200 mg. daily; subsequently it was reduced to 75 to 100 mg., with resultant 
decreased side effects, and no associated reduction in clinical responses. The 
maintenance dosage varied from 20 to 100 mg. daily. Criteria for evaluation 
included decrease in frequency and severity of attacks, reduction in number of 
nitroglycerine tablets needed, and increase in exercise tolerance measured by 
controlled standardized two-step tests. 

Ten of the thirteen patients showed definite improvement in four to ten 
days following institution of khellin therapy; in one instance the result was 
questionable, while in two subjects no benefit was obtained. When therapy 
was initiated with a placebo, no significant change occurred. When the placebo 
was substituted for the active drug, the symptoms became worse, although a 
lag period of seven to ten days with freedom from angina was noted, appar- 
ently due to the cumulative effect of the active drug. Side reactions such 
as anorexia and nausea were common, and occurred in eleven of the thirteen 
patients. In one other patient not included in this series, these symptoms were 
severe enough to indicate cessation of the drug during the first week. 

These preliminary observations indicate that khellin has a beneficial action 
of varying degree in individuals with angina pectoris. Further investigation 
is necessary to appraise more thoroughly its therapeutic usefulness. 


83. THE INFLUENCE OF ACTH ON THE COURSE OF EXPERIMENTAL 
INFLUENZA VIRUS TYPE A INFECTIONS 


CLayTon G. Loosii, M.D., RicHarp B. Hui, M.D. (By Invitation), ByRon S. 
BERLIN, M.D. (By INviraTIon), AND E. RussELL ALEXANDER, B.S. (By 
INVITATION), CHiIcaGo, ILL. 


Experiments were set up to study the effect of adrenocorticotrophie hor- 
mone on the course of experimental air-borne influenza virus Type A _in- 
fection in mice and ferrets. 

Sufficient animals were used in each experiment employing different daily 
doses (for mice 0.25, 0.5, 1.0 and 4.0 mg.; for ferrets 6 mg. per kilogram) to 
make several observations. In each mouse experiment approximately 80 ani- 
mals weighing from 15 to 18 Gm. were employed each in the test and control 
group. The test mice were given ACTH in saline (0.1 ml. per dose) subcu- 
taneously in three divided doses at approximately eight-hour intervals. At the 
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same time the control mice were given a similar quantity of saline subcu- 
taneously. ACTH was given for ten days. After twelve to twenty-four hours 
treatment the animals were exposed in a chamber to nebulized virus (PR-8 
strain mouse lung suspension) in sufficient quantities to kill from 30 to 80 per 
cent of the untreated mice in ten days. Three animals each from the treated 
and untreated groups were bled and sacrificed at 0, 1, 3, 6, 10, 14 and 21 days, 
and the blood and lungs examined respectively for antibodies and virus. Two 
animals were killed at the same intervals for histologic study. 

A single experiment employing fourteen male ferrets was carried out. 
Seven were treated, and seven served as controls. In each group two were 
sacrificed at six and ten days for virus isolation and histologic study. The 
ferrets were exposed to nebulized virus in a cloud chamber. Within thirty-six 
hours all the treated and untreated ferrets were clinically ill with fever, sneez- 
ing, dyspnea, and evidence of pulmonary infection. The duration and severity 
of illness was the same both in test and control groups. 

Under the conditions of these experiments employing mice and ferrets, 
ACTH had no demonstrable effect (a) on the clinical course of experimental 
air-borne influenza A as noted by survival of animals at ten days, (b) on the 
growth of virus in the respiratory passages and lungs; (¢) on the develop- 
ment of chicken red cell agglutination inhibition antibodies; and (d) on the 
pathogenesis and pathology of the disease. 


84. CERTAIN QUANTITATIVE ASPECTS OF NUCLEIC ACID METABO- 
LISM IN THE LIVERS OF MEGALOBLASTIC MONKEYS 


C. U. Lowes, M.D., C. P. Barnum, PuH.D., anp W. S. Terry, M.D., 
MINNEAPOLIS, MINN. 


(INTRODUCED By C. D. May, M.D.) 


Using a scorbutogenic milk diet, it has been possible to produce megalo- 
blastic anemia in monkeys. This anemia responds dramatically to PGA 
(pteroylglutamie acid), slowly to aseorbie acid, and not at all to vitamin B,. 
as long as the scorbuti¢ state persists. Microbiologie assay has demonstrated 
that thymine and purine bases can replace folic acid as growth requirements 
in certain bacteria, and can prevent growth inhibition by methylfolic acid in 
the case of Lactobacillus casei. It therefore seemed reasonable to examine cer- 
tain aspects of nucleic acid metabolism in an attempt to gain some understand- 
ing of the altered metabolism associated with megaloblastic anemia. Accord- 
ingly, using microchemical techniques DNA (desoxypentose nucleic acid) and 
PNA (pentose nucleic acid) were studied in monkey livers using normal, scor- 
butic, starved, and megaloblastic animals, and megaloblastic animals treated 
with 15 mg. of PGA. Using differential centrifugation, it was possible to deter- 
mine the nucleic acid content of both the nuclei and the cytoplasm. 

The following preliminary observations were made. (1) On a wet weight 
basis the DNA was increased over the normal in each experiment. Krom the 
report of Lagerstedt this apparent increase was most probably merely a reflec- 
tion of loss of other cellular elements, while DNA remained fixed. [For com- 
parison of the changes discussed below the DNA is therefore used as a refer- 
ence standard. (2) In each experimental situation the PNA of the cytoplasm 
decreased considerably. This decrease was also evident for the nuclear PNA 
in inanition and megaloblastic anemia. (3) The decrease in the cytoplasmic 
and nuclear PNA was greatest in inanition. (4) The prophylactic adminis- 
tration of PGA to scorbutic or starved animals did not appear to prevent the 
decrease in PNA in the liver. (5) The administration of PGA to megaloblastic 
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animals produced a restoration of cytoplasmic PNA almost back to normal. 
whereas the nuclear PNA increased to considerably above normal. The 
changes were noted thirteen hours after the administration of PGA. 

These findings suggest that in megaloblastic monkeys the decrease in PNA 
in liver cells is correctable by PGA, while this substance cannot prevent a simi- 
lar decrease that occurs in starved or scorbutie monkeys. 


85. AN ISOTOPIC STUDY OF A CASE OF PORPHYRIA OF 
“MIXED” TYPE 


Paut Lowry, M.D., Minneapouis, MINN. 
(INTRODUCED By C. J. Watson, M.D.) 


In order to define more fully the relationship between the protoporphyrin 
of hemoglobin and the urinary and fecal porphyrins in porphyria, N15 labeled 
glycine was given to a man with “mixed” type of the disease whose feces con- 
tained relatively large amounts of protoporphyrin and coproporphyrin III, 
and whose urine yielded coproporphyrin III and uroporphyrin I. 

The excess (in atom per cent) of N15 in the porphyrins and in stercobilin 
was then determined serially. The value in the circulating hemoglobin proto- 
porphyrin rose to a maximum of 0.397 in twenty-four days. It remained rela- 
tively constant until the one hundredth day when it fell off rapidly during the 
period of hemoglobin breakdown. The values in the stercobilin and fecal 
coproporphyrin reached peaks of 0.910 and 1.732 respectively on the sixth 
day; that in the fecal protoporphyrin attained a maximum of 0.546 on the 
fourteenth day. While this lag unquestionably has fundamental significance, 
its nature has not been determined. The declining portion of the curves for 
stercobilin and the fecal porphyrins closely paralleled one another until the 
ninetieth day. At this time the stercobilin rapidly increased. In the urinary 
porphyrins isolated during the first sixteen days, a concentration of 2.16 and 
0.801 was obtained for uroporphyrin I and coproporphyrin III, respectively. 

The average life span of the erythrocytes was approximately one hundred 
twenty days. The slow decline in the plateau portion of the curve reflects 
either a slight degree of hemolysis or a marked variation in the life span of 
some cells. Stercobilin was formed in part from a source other than the de- 
struction of mature erythrocytes. Similarity in the curves for stereobilin and 
the fecal porphyrins suggest their synthesis in a common metabolic pool. The 
turnover time of the fecal protoporphyrin and coproporphyrin is believed to 
be approximately twenty days. There was no evidence that either of these 
substances was derived from the destruction of hemoglobin. 


86. RHEUMATIC PNEUMONITIS. A CLINICAL STUDY OF 12 
NECROPSY PROVED CASES OF RHEUMATIC PNEUMONITIS 


Miscua J. Lustox, M.D. (By INviratTION), AND JOSEPH F. Kuzma, M.D., 
MILWAUKEE, WIs. 


A ¢linical study of 12 necrosy proved cases of rheumatic pneumonitis was 
undertaken in an attempt to establish criteria for antemortem diagnosis. The 
correct diagnosis was not made in any instance prior to its discovery at the 
autopsy table—although study in retrospect suggests criteria by which the 
proper diagnosis could have been established clinically. 
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Histopathologic detail was studied, and the characteristic pattern of the 
Masson body, in its various phases of evolution, was present in all cases. 

The following clinical observations were uniformly, although not univer- 
sally, striking in the cases studied : 


1. Lack of general awareness that such a clinical entity as rheumatic 
pneumonitis was relatively frequent in acute and recurrent rheumatic fever. 

2. Clinical manifestations of: (a) Septic fever—in presence of negative 
blood cultures, and absence of corroborative signs of subacute bacterial endo- 
carditis, which failed to respond to extensive use of antibiotics. (b) Hemopty- 
sis—when particularly prolonged and in absence of supportive evidence of 
pulmonary infarction or ulcerative parenchymal disease. (¢) Pulmonary con- 
solidation—especially when evanescent in nature, and in absence of bacterio- 
logic confirmation of pneumonia. (d) Dyspnea and orthopnea—out of prupor- 
tion to the physical findings, not related to other evidences of congestive fail- 
ure, not responding to digitalization or mercurial diuresis or oxygen, and in 
absence of reduced CO, combining power due to salicylate intoxication. 

3. Electrocardiographic evidence of acute progressive myocarditis (in- 
variably associated with rheumatic pneumonitis), which changed dynamieally 
during clinical course. 

4, Roentgen evidence of areas of consolidation, vascular engorgement with 
hilar prominence, and edema, which were widespread, evanescent, nonsegmen- 
tal, and often sparing lung bases. Occasionally stippled peribronchial nodules 
were seen. These findings, as a rule, did not parallel clinical course in degree 
of involvement. 





It is hoped that this study will lead to re-appraisal of similar clinical pat- 
terns in patients who do not die in the course of acute rheumatic fever—and 
suggests that rheumatic pneumonitis may not necessarily be a uniformly fatal 
complication, but rather a complication whose recognition, thus far, has been 
largely limited to the autopsy table. 


87. THE PROTECTION OF INTRACELLULAR BRUCELLA AGAINST 
STREPTOMYCIN ALONE AND IN COMBINATION WITH 
OTHER ANTIBIOTICS 


Rospert L. Macorrrn, M.D. (By INviratTion), AND WESLEY W. Spink, M.D., 
MINNEAPOLIS, MINN. 


The discrepancy between the rapid in vitro bactericidal action of strepto- 
mycin against some gram-negative bacilli and its failure to eradicate these 
infections in vivo is well known. This has been explained by the failure of 
streptomycin to penetrate liver and splenic tissue in therapeutic quantities, 
even though adequate blood levels are achieved (Kornegay, Forgaes, and 
Henley, J. Lab. & Clin. Med. 831: 523, 1946). Nelson, Forgacs, and Kucera 
(Proc. Soe. Exper. Biol. & Med. 64: 20, 1947) have further suggested that in- 
ability of streptomycin to reach intracellular organisms may also account for 
therapeutic failures. Brucella have been shown to occur intracellularly both 
in the tissues and in circulating neutrophils of experimentally infected ani- 
mals. The present study was made to determine whether intracellular Bru- 
cella are protected from the lethal action of streptomycin, both alone and in 
combination with other antibiotics, particularly when the parasitized cells are 
bathed in high concentrations of these agents. 

Intracellular Brucella were obtained by incubating a mixture of 0.5 ml. 
of buffy-coat layer of human blood with 0.5 ml. of a heavy suspension ot 
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Brucella suis in a water bath at 37° C. After phagocytosis had occurred, the 
mixture of buffy-coat and Brucella was diluted 1:10 in trypticase-soy broth. 
Test tubes containing the desired concentration of antibiotic dissolved in 9.0 ml. 
of broth were then inoculated with 1.0 ml. of the diluted mixture containing 
both phagocytized and extracellular Brucella. An inoculum for control tubes 
was prepared similarly from buffy-coat and the suspension of Brucella, but was 
diluted immediately 1:10 in broth without prior incubation, thus permitting 
little opportunity for phagocytosis to occur. Total concentration of antibiotic 
ranged from 25 to 100 micrograms per milliliter. All tubes were incubated at 
37° C. At regular intervals for three to five days, agar plate counts were made 
of the surviving organisms in aliquot portions from each tube. After four to 
five days rapid deterioration of the leucocytes was evident. 

Survival curves showed a marked protection of the phagocytized Brucella 
against streptomycin alone and combinations of streptomycin with aureomycin, 
chloramphenicol, terramycin, or sulfadiazine. Phagocytized Brucella persisted 
for twenty-four to forty-eight hours after subcultures from control tubes were 
negative. Because of the much slower bactericidal action of aureomycin, chlor- 
amphenicol, and terramycin, it was not possible to draw any conclusions with 
this technique regarding the effectiveness of these agents against intracellular 
srucella when used individually. 


88. LYSOZYME PRODUCTION IN RESPONSE TO INJURY OF THE 
GASTROINTESTINAL TRACT IN DOGS 


Homer C. Marsuaui, M.D., Huco C. Moetiter, M.D. (By INvitatTIon), AND 
JOSEPH B. Kirsner, M.D., Cuicaco, Iu. 


Although lysozyme titers are elevated in the feces of patients with active 
ulcerative colitis, the possibility exists that the increase is an accompaniment 
rather than a cause of the disease. To evaluate this possibility, the lysozyme 
concentration was measured before and during experimentally induced injury 
to the bowel in dogs. 

Six dogs, under intravenous Nembutal anesthesia, were subjected to elec- 
trocautery through the proctoscope. Significantly high concentrations of lyso- 
zyme, comparable to those observed in patients with ulcerative colitis, were 
noted subsequently in washings from the cauterized rectum. 

Lysozyme concentrations in the washings from cauterized and noncau- 
terized blind loops of colon in the same animal were measured at intervals up 
to twenty-four hours. Lysozyme activity of the washings from the cauterized 
loop continued to rise, and reached a peak five and one-half hours after sur- 
gery and cautery. In the noncauterized loop the lysozyme remained at a low 
level for the duration of the experiment. 

Irregular elevations of fecal lysozyme titers were observed in dogs receiv- 
ing daily intramuscular injections of mecholyl. Determinations*on a 1:1 
dilution of the contents of blind ileocolic pouches, established surgically in six 
normal dogs, revealed no lysozyme activity. Increased lysozyme concentra- 
tions were noted in the same animals after the administration of mecholyl. 

The pronounced rise in lysozyme within the gastrointestinal tract of dogs 
injured by electrocautery or by stimulation with mecholyl suggests that the 
increase in lysozyme observed in the feces and bowel of patients with active 
ulcerative colitis likewise may be an accompaniment rather than an etiologic 
factor in the disease. 
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89. THE UPTAKE OF RADIOPHOSPHORUS AS AN INDEX 
OF BONE MARROW FUNCTION IN THE RAT 


THomMAS S. Martin, M.D. (By Invitation), Howarp L. Aut, M.D., AND 
JoHN A. D. Cooper, M.D. (By Invitation), Cuicaao, IL. 


During mitosis, phosphorus is required for synthesis of nucleoprotein. 
The uptake of P** by the bone marrow, therefore, might be an index of its 
functional activity. Adult white rats were injected intraperitoneally with 
one microcurie P** per 100 grams, and the entire marrow of the posterior long 
bones was removed for analysis four hours later. Determinations were made 
of the P** and P* in the whole sample and in the following phosphorus frac- 
tions: desoxyribosenucleic acid, ribosenucleic acid, acid-soluble compounds, 
and phospholipids. 


P*? uptake was expressed as follows: 


P*? counts/ gm. marrow 
~~ P®2 eounts injected 
P*? ecounts/mg. P*! 
P* counts injected 
P*? counts/total marrow 
P*? counts injected 


Specific Affinity 








Specific Activity = 


Total Uptake 





In fourteen normal rats the weight of the total marrow of the posterior 
extremities expressed as percentage of body weight was found to vary as much 
as 100 per cent, though concentration of P*! and its distribution in the frac- 
tions was fairly constant. The smaller the marrow, the greater was the specific 
affinity, and a close exponential relationship between the two was demon- 
strated. This is taken to mean that the small marrows had the same order of 
functional capacity as the larger ones. 

Studies were carried out on 10 rats bled about 75 per cent of their blood 
volume in forty-eight hours, and on 6 rats at intervals of four, eight, twenty- 
four hours and six days after receiving 800 r total body irradiation. In the 
bled animals, the P*? uptake of the marrow of the posterior extremities aver- 
aged 2.4 times normal, the greatest increment being in the nucleic acid frac- 
tions which averaged 3.2 times normal. In irradiated animals, the marrow P* 
content decreased to 43 per cent of normal in four hours, with a slight con- 
tinuing decline thereafter. The most striking change in this group was a drop 
in the desoxyribosenucleie acid P*? to 16 per cent of normal in four hours, and 
to 6 per cent in eight hours. 

It is concluded that the uptake of P**? by the bone marrow and some of 
its fractions reflects the functional activity of this organ. 
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Per cent of administered P*? found in entire tibial-femoral marrow and in 
its major phosphorus fractions: 


WHOLE 















































GROUP MARROW PHOSPHORUS-CONTAINING FRACTIONS OF MARROW 
ACID- 
NUCLEIC ACIDS SOLUBLE LIPID 
DESOXY- » 
RIBOSE RIBOSE TOTAL 
Bled 380 (10)t 103 (2) .081 (2) 185 (6) 155 (6) .012 (6) 
Normal 157 (14) | .035 (4) | .024 (4) | .060 (6) | .082 (6) | .008 (6) 
Irradiated 
4 hr.* 126 (1) .025 (1) .095 (1) .006 (1) 
4 hr. 068 (1) .006 (1) O11 Ae O17 0) 047 (1) .004 (1) 
8 hr. 069 (2) | .0022 (1) | .0073 (1) |_.0095 (2) | .056 (2) | .003 (2) 
24 hr. .060 (1) 
6 day 057 (1) ee ORS EE 














*p2 injected 10 minutes before irradiation. 
+Numbers in parentheses indicate number of rats contributing the data. 





P*? uptake of whole marrow and fractions expressed as per cent of normal: 






































WHOLE 
GROUP MARROW PHOSPHORUS-CONTAINING FRACTIONS OF MARROW 
- ACID- 
NUCLEIC ACIDS SOLUBLE LIPID 
DESOXY- ~ | 
RIBOSE RIBOSE TOTAL 
Bled 242 300 350 gee 193 150 
Normal 100 100 100 100 100 100 
Irradiated 
4 hr.* 80 _— 42 115 75 
4 hr. 43 16 44 27 54 50 
8 hr. 43 6 29 15 64 38 
24 hr. 38 a a 
6 day 36 

















*p® injected 10 minutes before beginning of irradiation. 








90. USE OF ION EXCHANGE RESINS IN THE MANAGEMENT OF 
CONGESTIVE HEART FAILURE AND CIRRHOSIS OF THE LIVER 


B. L. Martz, M.D. (By Invitation), K. G. Kouustarpt, M.D., anp 





O. M. Hetmer, Pu.D., INDIANAPOLIS, IND. 


In 1946, William Dock suggested that ion exchange resin might be used 
as a therapeutic agent for depleting the sodium content of body fluids. During 
the past year eleven patients with cardiac decompensation and five patients 
with advanced cirrhosis of the liver have been treated with various combina- 
tions of a commercially available cation exchange resin of the carboxylic acid 
type. When a large enough quantity of the resin in the acid form was ad- 
ministered to obtain significant depletion of sodium, hypopotassemia developed 
within two weeks or less. In subsequent studies potassium deficiency was 
prevented by the simultaneous administration of a potassium salt of the resin. 
In some patients with impaired renal function, the ingestion of the above com- 
bination of resin for several weeks caused a reduction in the CO, content of 
the blood. In four individuals acidosis of sufficient severity to necessitate dis- 
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continuance of resin therapy developed. The addition of a relatively small 
amount of anion exchange resin eliminated this undesirable effect. 

Renal and fecal excretion of sodium and potassium was measured in pa- 
tients receiving a diet calculated to contain 1.5 to 3 Gm. of sodium per day. A 
satisfactory therapeutic response was obtained by the daily administration of 
60 Gm. of a mixture of resins consisting of the acid and potassium salt of the 
cation exchanger combined with an anion resin. This quantity of the resin 
was administered in four divided doses as a suspension in water. No abnor- 
malities in the electrolyte concentration of the vascular compartment were 
observed. There was a slight increase in the fecal excretion of calcium, but 
there was no clinical evidence of calcium deficiency. 

Bowel habits were not changed; appetite was not altered. Patient ac- 
ceptability was not a problem. No untoward effects were observed in a pa- 
tient who received resin therapy for fifty-six weeks. In every instance the 
patients preferred resin therapy to severe dietary restriction of salt and the 
repeated intramuscular administration of mercurial diuretics. 


91. COMPARISON OF EFFECTS OF FOLIC ACID AND FOLINIC ACID 
IN EXPERIMENTAL MEGALOBLASTIC ANEMIA 


CHARLES D. May, M.D., R. Dorotuy SunpsperG, Pu.D. (By INviTaTION), AND 
FRANCES Scuaar, M.D. (By Invitation), MINNEAPOLIS, MINN. 


Some of the chemical properties and effects on the growth of micro- 
organisms of a substance termed citrovorum factor or folinic acid have been 
reported. We have tested the effect of a synthetic preparation of folinie acid 
on blood formation in experimentally produced megaloblastiec anemia. This 
megaloblastic anemia was produced in monkeys accompanying a deficiency of 
ascorbie acid in a manner similar to that previously described. The megalo- 
blastic anemia so produced has a marrow pattern nearly identical with that 
seen in megaloblastic anemia in human beings. 

Monkeys weighing approximately 2 kg., which had well-marked megalo- 
blastic patterns in the marrows, and were quite comparable, were treated with 
intramuscular injections as follows: 


No. 24—15 mg. folic acid 
No. 50—50 micrograms crude folinic acid (15 per cent folinic acid) 
No. 51—100 micrograms crude folinic acid (30 per cent folinic acid) 


No ascorbie acid was given the animals which were scorbutic as well as megalo- 
blastic. 

The effects of the small doses of folinic acid were as prompt and complete 
as that produced by the much larger dose of folic acid. In each case the 
megaloblasts disappeared from the marrow within forty-eight hours; after ten 
days the marrows were essentially normal. The responses in the peripheral 
bloods demonstrated equivalent and convincing effects as regards reticulocy- 
tosis, increase in hemoglobin, erythrocytes, and leucocytes. Detailed hemato- 
logic data will be presented. 

Fifty micrograms of folic acid intramuscularly daily in a similar animal 
produced no significant effect on the marrow within forty-eight hours; a 750 
microgram dose of folic acid intramuscularly in another monkey had less effect 
on the megaloblastic marrow than the 50 microgram dose of crude folinic acid. 

The striking effect on the megaloblastiec marrow produced by as little as 
the 7.5 micrograms of folinie acid contained in one of the preparations is par- 
ticularly interesting, considering the animals were scorbutic. Ascorbic acid 
was not necessary for the action of folinie acid. It would appear folinie acid 
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is considerably more effective than folic acid in experimental megaloblastic 
anemia. This lends support to the concept that folic acid exerts its hemato- 
poietic effect through conversion into a more active derivative such as folinic 
acid. 


92. THE EFFECTS OF INSULIN HYPOGLYCEMIA UPON INULIN 
AND PARA-AMINO HIPPURATE CLEARANCES 


L. G. May, M.D. (By Invitation), A. BENNETT, B.S. (By INvITATION), 
M. Scuoomer, B.S. (By INviTaTION), AND R. L. Grecory, M.D., 
GALVESTON, TEX. 


The cause of impaired renal function during severe diabetic acidosis is 
poorly understood. The inability of the patient’s tissues to utilize glucose was 
considered a possible explanation for the impaired renal function. If this were 
the case, the unavailability of glucose for tissue utilization in insulin hypo- 
glycemia should produce significant impairment of renal function. 

Twelve psychotic patients being subjected to deep insulin coma served as 
the subjects for this study. Inulin and PAH clearances were determined dur- 
ing deep insulin coma. Control renal clearances were also determined after 
complete recovery from the coma in all instances. In three subjects clearances 
were run before and after insulin coma. 

In a few instances the renal clearances were significantly greater during 
the post-coma control than they were during the insulin coma. In no instance, 
however, were the inulin or PAH clearances below the accepted normal values 
during deep insulin coma. 

Conclusions.—(1) Renal inulin and PAH clearances are not significantly 
impaired during extreme insulin hypoglycemia. (2) By inference it is im- 
probable that the impaired renal function of diabetic acidosis is due to the 
inability of the kidney to utilize glucose. 


93. THROMBOTIC THROMBOCYTOPENIC PURPURA. OBSERVATIONS 
ON ITS COURSE AND PATHOGENESIS 


Gorpon C. MEacHaM, M.D. (By Invitation), J. LOWELL ORBISON, M.D. (By 
INVITATION), AND RoBert W. HEINLE, M.D., CLEVELAND, OHIO 


A syndrome characterized by hemolytic anemia, thrombocytopenic pur- 
pura, and clinical signs of small vessel occlusion, particularly neurologie and 
mental abnormalities, was first described by Maschowitz in 1925. Two patients 
with the syndrome have been studied. One had what is considered the typical 
acute, febrile onset, with a rapidly progressive course and death, as in other 
cases reported. The second patient, however, underwent splenectomy two 
years previously for what was considered to be congenital hemolytic anemia. 
Review of spleen sections on a subsequent hospital admission revealed throm- 
botic lesions characteristic of those seen in this syndrome, and the character- 
istic clinical signs were present. This illustrates that the disease is not always 
steadily and rapidly progressive, and may be subject to remissions and relapses. 

Hemolytic anemia is a constant finding, and is associated with spherocy- 
tosis of variable degree which varies from time to time in the same patient. 
The hemolytic mechanism is not understood. Abnormal hemagglutinins were 
not demonstrated; the Coombs developing test was negative. The bone mar- 
row was hyperactive in all elements. The megakaryocytes were increased in 
number, and immature forms were present as in idiopathic thrombocytopenic 
purpura. Splenomegaly was present in both patients. 
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Study of the organs of the deceased patient revealed widespread arteriolar 
occlusion, most prominent in the myocardium, adrenals, pancreas, esophagus, 
and lymph nodes. The spleens of both patients showed similar, if less promi- 
nent, lesions. Our observations cast doubt on the generally accepted concept 
that platelet emboli constitute the primary occlusive lesion. In many foci, 
even at sites of almost complete vascular occlusion, the occlusive material was 
subintimal rather than intraluminal. It is believed that the primary change is 
degeneration of the arteriolar wall, and that thrombi, when present, result 
from piling-up of platelets behind a degenerative occlusion of the vessel. 


One patient received a course of ACTH which was accompanied by a tran- 
sient increase in platelets and a questionable, slight, clinical improvement. 


94. AUREOMYCIN—CLINICAL TOXICITY ; PROTHROMBIN EFFECT 
Jutius M. Meyer, M.D., Woop, WIs. 
(INTRODUCED By Maurice M. HArporove, M.D.) 


Twenty-five cases of various types of unselected disease were studied to 
determine the toxicity of aureomycin. Eleven cases manifested toxicity. 
Nausea was the most common reaction occurring alone in five cases, and in 
conjunction with vomiting, diarrhea, headache or skin rash (pruritic follicu- 
litis) in the remaining six cases. All responded readily to symptomatic therapy. 

Twelve cases were available for study of effect on prothrombin level. In 

six instances, two of which were Brucellosis, two of ulcerative colitis, one of 
furunculosis, and one of infectious mononucleosis, the prothrombin level re- 
mained within normal limits before and after aureomycin therapy. Prothrom- 
bin levels rose in three cases after the administration of aureomycin; these in- 
cluded one of empyema, one of ulcerative colitis, and one of diffuse collagen 
disease. Essentially static levels were noted in another case of ulcerative 
colitis with homologous serum jaundice (liver function tests markedly abnor- 
mal), in which prothrombin levels ranged from 65 per cent to 67 per cent 
before and after aureomycin. In a case of acute hepatic necrosis and malig- 
nant lymphoma (markedly abnormal liver function tests), the low level of pro- 
thrombin, 33 per cent, noted before aureomycin, remained essentially un- 
changed throughout and after therapy. Decrease in prothrombin level from 
72 per cent to 56 per cent was noted during aureomycin therapy in a case of 
. ulcerative colitis with duodenal ulcer. In a patient with massive pulmonary 
| thrombosis receiving aureomycin for a few days prior to death, the prothrom- 
bin level fell sharply from 69 per cent to 14 per cent, with development of 
rapidly deepening jaundice. Liver function tests were not available. In all 
: cases, except as noted, liver function tests performed were normal. 
: It is suggested by this brief study that the chief clinical manifestation of 
the toxicity of aureomycin is nausea. Diarrhea and vomiting occur less fre- 
‘ quently and respond readily to symptomatic therapy. Aureomycin apparently 
: does not appreciably affect prothrombin levels, especially if liver function is 
5 normal. Dosage of aureomycin in this study ranged from 1 to 7 Gm. daily. 





95. ADMINISTRATION OF ACTH IN HYPERSPLENIC SYNDROMES 


MuriEu C. Meyers, M.D. (By INviITaTION), STANLEY MILLER, M.D. (By 
INVITATION), AND FRANK H. BeTHELL, M.D., ANN Arpor, MICH. 


Hematologic manifestations of hypersplenism include thrombocytopenia 
and neutropenia. The mechanism of their production is obscure, but may de- 
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pend upon the excessive elaboration by splenic tissue of a hormone capable 
of inhibiting maturation and release of platelets and granulocytes. 

Evidence is presented that adrenocortical stimulation by means of ACTH 
may modify splenic dysfunction and restore to normal the platelet levels in 
patients with idiopathic thrombocytopenic purpura and the neutrophil counts 
in those with splenic neutropenia. 

In three patients with idiopathic thrombocytopenic purpura prolonged 
clinical and hematologic remissions occurred after the administration of ACTH 
in single courses of 100 mg. daily for eight, nine, and thirteen days respec- 
tively. Improvement followed by several days the usual hematologic effects 
of ACTH; namely eosinopenia, lymphocytopenia, and neutrophilia. 

In a fourth patient, despite more prolonged and intensive therapy, hemato- 
logic improvement did not parallel clinical improvement, nor did an eosino- 
penia develop. Another patient underwent splenectomy before the full effects 
of ACTH could be determined. 

In two patients with splenic neutropenia and rheumatoid arthritis (Felty’s 
syndrome), the neutropenia was corrected after the daily administration of 100 
mg. of ACTH for six and ten days, respectively. In these patients the rise in 
neutrophils occurred several days after the development of eosinopenia. Al- 
though the bone marrow showed increased granulocytic maturation during 
treatment with ACTH, in neither case was improvement maintained after dis- 
continuing the hormone, and the leucocyte counts returned to pretreatment 
levels in seven and eleven days, respectively. 

These observations support the view that the spleen exerts a regulatory 
action, susceptible of derangement, on the maturation and release of granulo- 
cytes and thrombocytes, and that this function may be under the control of 
the adrenal cortex. In idiopathic thrombocytopenic purpura stimulation of 
the adrenal cortex by ACTH produces changes which appear to be entirely 
analogous to those observed in spontaneous remissions, and in this condition 
ACTH is believed to be a therapeutic agent of real value. In splenic neutro- 
penia associated with rheumatoid arthritis, a progressive disorder not ordi- 
narily associated with remissions, the effects of ACTH on the leucocyte values, 
although striking, are transient, and the hormone has little therapeutic value. 


96. CLINICAL EVALUATION OF THE EFFECT OF ADRENOCORTICO- 
TROPHIC HORMONE AND CORTISONE ON MYASTHENIA GRAVIS 


CuaRK H. MILuikan, M.D., AND LEE M. Eaton, M.D., RocHEsTEr, MINN. 
(INTRODUCED BY E. V. ALLEN, M.D.) 


In an effort to define further the nature of the faulty metabolism present 
in myasthenia gravis and to test the effectiveness of the hormones in this con- 
dition, ACTH or cortisone has been administered to seven patients with the 
disease. Because of the fact that the course of myasthenia gravis is often char- 
acterized by sudden and extreme exacerbations and remissions, the seven pa- 
tients were chosen with great care. There was a history of long-term my- 
asthenia without remission in every instance, and in four of them the disease 
was gradually becoming more severe. In such a group of myasthenic patients, 
a definite improvement in symptoms and physical signs following administra- 
tion of the hormone would most likely be a result of the effect of the drug 
rather than of a spontaneous remission. 

All of the patients studied underwent routine examinations in a General 
Medical Section and in the Section on Neurology and Psychiatry. Tests of 
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muscle strength were done in the early morning before the first dose of neo- 
stigmine was administered. 


In all instances the daily dose of cortisone or ACTH was 100 mg., and the 
drug was administered every day for eight to fifteen days during each course 
of injections. Three patients have received more than one course of injections. 

In every patient an objective increase in muscle weakness was observed 
toward the end of every course of cortisone or ACTH. In certain instances 
the increase occurred simultaneously, with a fall in the quantity of the potas- 
sium in the blood serum. Following the administration of ACTH or cortisone, 
two patients had no improvement, one patient had slight transitory improve- 
ment, one patient had moderate transitory improvement, and one patient had 
marked transitory improvement after the second course of injections, and more 
sustained improvement after the third course of injections. (Studies on two 
patients not completed at the time of writing the abstract. ) 


Until time elapses for a further study of the five surviving patients, the 
evidence is that cortisone and ACTH are of limited value in the treatment of 
myasthenia gravis. 


97. PLASMA “PEPSINOGEN” ACTIVITY AS AN INDEX OF GASTRIC 
SECRETION IN VARIOUS CLINICAL STATES 


I. ArtTHUR Mirsky, M.D., PErry FurrermMan, M.D. (By INnviration), 
CINCINNATI, OHI0, RopeRT H. Brow-Kaun, M.D., Syracuss, N. Y., 
AND STANLEY M. Kapuan, M.D. (By INvitation), 
CINCINNATI, OHIO 


Previous studies have demonstrated that human and animal plasma con- 
tain at least two proteolytic enzymes active at acid reactions. One of these 
systems exhibits maximum activity at pH 3.5 and does not originate in the 
gastric mucosa, while the other system is active at pH 1.5 to 2.5 and is de- 
pendent on the activity of the gastric mucosa. Physiologie and biochemical 
data suggest that the proteolytic activity at pH 1.5 is due to a system which 
resembles pepsinogen. 

A method for the assay of plasma “pepsinogen” has been developed, and 
the concentration of this system has been assayed in 151 male and 161 female 
healthy subjects of from 6 months to 90 years of age. No statistically signifi- 
cant difference was noted between the values obtained in male and female 
subjects. In both sexes, the activity of the plasma increased with age until 
the twentieth year, beyond which no significant influence of age could be 
demonstrated. Ninety-eight patients with proved duodenal ulcer revealed a 
highly significant elevation in plasma “pepsinogen” activity. Patients with 
gastric ulcer reveal a higher plasma “pepsinogen” activity than that of the 
healthy subjects, but not to as great a degree as that noted in the duodenal 
ulcer group. Patients with ulcerlike symptoms in whom there was no defini- 
tive evidence of duodenal or gastric ulcer did not differ significantly from 
the duodenal ulcer group. One hundred one subjects with pernicious anemia 
revealed a highly significant diminution in “pepsinogen” activity. No signifi- 
cant changes were observed in patients suffering from other hematologie dis- 
orders. 

The influence of a variety of physiologic and psychologic stresses will be 
discussed, and the diagnostic value of the assay of plasma “pepsinogen” will 
be indicated. 
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98. THE EFFECTS OF CORTISONE ON EXPERIMENTAL INFECTION 
WITH GROUP A STREPTOCOCCI, IN RABBITS 


WituiaM J. Mocaseas, M.D., New OrLEaAns, La., AND Lewis Tuomas, M.D., 
MINNEAPOLIS, MINN. 


(INTRODUCED BY GEORGE E. Burcu, M.D. 
b 


Treatment of rabbits with large daily doses of cortisone (Merck), prior to 
and during the course of intradermal infection with Group A hemolytic strep- 
tococci, results in a marked alteration in the outcome of infection as compared 
with untreated controls. With the doses of streptococci employed survival of 
the control rabbits without demonstrable bacteremia occurred regularly. In 
rabbits which had received 50 mg. of cortisone daily for four days prior to 
infection, septicemia and death occurred in every instance. The deaths oc- 
curred at intervals ranging from two to twelve days following infection. His- 
tologic examination of the tissues of the infected, cortisone-treated animals re- 
vealed dense deposits of cocci distributed through the substance of the heart 
and kidneys in some animals. Extensive myocardial inflammatory reactions, 
and renal lesions resembling acute glomerulonephritis were observed in the 
cortisone-treated infected group. Such lesions have not been observed in con- 
trol rabbits following single infections with streptococci. Studies on the effect 
of interrupting the experimental infection with penicillin are in progress. 
Slides will be presented illustrating the character of the induced cardiac and 
renal lesions. 


99. USE OF A MODIFIED ALLEN PROTAMINE TITRATION PRO- 
CEDURE IN DETERMINING PHYSIOLOGICAL VARIATIONS 
OF A HEPARINLIKE SUBSTANCE 


GEORGE Morricr, M.D. (By Invitation), ELLET H. Drake, M.D. (By 
INVITATION ), AND BEN E. Goopricu, M.D., Detroit, Micu. 


The Allen protamine titration procedure has been modified by the use of 
siliconized glassware, waxed cork stoppers, and one-half the quantity of blood 
of that directed in the original description. It is believed that it will now 
more nearly reflect quantitatively the amount of native material in blood 
which might theoretically be inactivated by protamine. This test, purported 
to titrate a heparinlike blood substance, has been widely used in patients with 
bleeding to detect instances of “heparinemia.” We have rather attempted to 
determine physiologic variations of this material among cardiac, diabetic, 
tuberculous, and orthopedic patients. Consistent results in these disease 
groups and in the controls demonstrate variations from the normal range of a 
heparinlike substance, which variations may be dependent upon metabolic, 
pathologic, and mechanical factors. In patients with pulmonary tuberculosis 
consistently higher than normal titers of heparinlike substance were obtained. 
This finding is suggestive of an explanation for the acknowledged rarity of 
thromboembolic complications among tuberculous patients, as contrasted with 
the incidence among postoperative, cardiovascular, and orthopedic patients, 
subjected to a like degree of bed rest. 

The number of controls and patients studied and the consistent results 
of the modified protamine titration test will be revealed by charts and graphs. 
The data establish the test as a dependable means for obtaining unique and 
valuable physiologic information. 
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100. RENAL FUNCTION AND SYSTEMIC BLOOD PRESSURE CHANGES 
FOLLOWING THE ADMINISTRATION OF HYDRAZINO- 
PHTHALAZINE 


JoHN H. Moyer, M.D., aNnp CarroLtu A. HANpLEy, M.D., Houston, TEx. 
(INTRODUCED BY JAMES A. GREENE, M.D.) 


Hydrazino-phthalazine (Ciba) was investigated as a potential hypotensive 
agent. Renal function and systeiiic blood pressure studies were carried out 
before and after the intravenous administration of the drug (1 mg. per kilo- 
gram of body weight) to 13 trained dogs. Glomerular filtration rates (G.F.R.), 
renal plasma flow (R.P.F.), and maximum tubular reabsorptive capacities for 
glucose (TmG) were determined as previously described (AJP 159; 175). The 
renal vein was catheterized and an indwelling needle placed in the femoral 
artery in order to determine exact extractions of p-aminohippurate and oxy- 
gen. In addition, the effect on the blood pressure of 20 patients with essential 
hypertension was evaluated. 

The mean blood pressure decreased 30 mm. or more in all dogs, but seemed 
to always stabilize between 70 and 100. This was sustained for ninety minutes 
to four hours, and was consistently associated with dyspnea and tachyeardia. 
The drug administered intramuscularly to hypertensive patients was equally 
effective, and was also associated with dyspnea and tachyeardia. Chronic oral 
administration was less effective. Tolerance to the drug apparently develops. 
Nausea was seen in six cases, vomiting in two, and a febrile reaction with 
eosinophilia in one. 

The effect of the drug on renal blood flow in dogs was commaliaiiil In 
five of seven dogs it increased significantly, more than 100 per cent in two 
instanees. The G.F.R. and TmG either did not change or decreased somewhat. 
In all instances the filtered fraction decreased, frequently as much as 50 per 
cent, a reflection of increased plasma flow rather than decreased filtration rate. 
Urine volume consistently decreased despite no decrease in glomerular filtra- 
tion. After chloralose anesthesia similar changes did not oceur. Instead 
G.F.R., R.P.F., and TmG all decreased in somewhat the same proportions. 


101. CARDIODYNAMIC EFFECTS OF MITRAL COMMISSUROTOMY 


KE. R. Munne.u, M.D. (By Invitation), AND Conrap R. Lam, M.D., 
Detroit, Micw. 


Twelve patients with severe mitral stenosis have been operated on with the 
purpose of opening the valve by the method of Bailey and his associates (com- 
missurotomy). The operative exposure of the heart and great vessels has given 
a good opportunity for a study of the pulse patterns of the left auricle and pul- 
monary artery before and after the incisions into the stenotic valves. 

An impedance gauging system developed for recording biologie pressure 
variables (Hathaway system) was used to obtain the pressure patterns. The 
gauges were activated by inserting a medium bore needle attached directly to the 
gauge into the chamber to be studied. Moment to moment changes in pressures 
were observed during the operations on a monitoring oscilloscope, and tracings 
were made on a photographie recording oscillograph for later consideration. 

The typical contour of the pulmonary arterial pressure curve has thus been 
obtained with greater accuracy than has been possible by catheterization. The 
left auricular pressure patterns have varied depending on the degree of steno- 
sis and the presence or absence of auricular fibrillation or unsuspected re- 
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gurgitation. The degree of success attending operative intervention on the 
mitral valve has been predictable by a study of the postecommissurotomy 
tracings. 


102. VISCOSITY STUDIES ON BLOOD FOLLOWING THE 
ADMINISTRATION OF ANTICOAGULANTS 


L. A. NauterskI, M.D. (By Invitation), N. C. GiLBert, M.D., AND 
J. A. SHEEpy, M.D. (By Invitation), Cuicaco, ILL. 


The practice of administering anticoagulants to patients as suggested by 
Nichol, Wright, and others in an attempt to forestall acute coronary thrombo- 
sis as well as to prevent angina pectoris is being widely used. The mechanism 
of heparin and Dicumarol in preventing thrombosis is understood and gener- 
ally agreed upon. However, the relief obtained by the administration of these 
drugs to patients with symptoms of coronary insufficiency cannot be explained 
on the same basis. It is hardly to be assumed that relief of pain in angina 
pectoris would be due to any anticoagulant action. Bingham, Meyer, and 
Pohle making toxicity studies on Dicumarol reported marked dilatation of 
capillaries, small arteries, and veins in animals which had been given Dicumarol 
and later autopsied. Bollman and Preston reported similar results, as did Dale 
and Jaques. It had been noted by numerous clinicians that following the ad- 
ministration of heparin or Dicumarol to patients with coronary thrombosis the 
pain associated with this condition disappeared or was greatly decreased. We 
had conducted experiments previously on animals and showed that heparin 
and Dicumarol had a decided effect on increasing the coronary flow volume. 
We believe that this is the responsible factor for reducing the symptoms of 
coronary insufficiency. Other investigators believe that the beneficial effects 
obtained with these drugs are due to their effect in decreasing blood viscosity. 
We have therefore undertaken experiments on animals and human beings in 
order to study more carefully any viscosity changes which may occur following 
the use of these drugs. 

Specimens of arterial blood were obtained from unanesthetized, healthy 
mongrel dogs over a period of several weeks to obtain control values. Total 
proteins, hematocrit, hemoglobin, specific gravity, and viscosity determinations 
were made. When a stable state was reached, the animals were given gradu- 
ated dosages of heparin or Dicumarol. No significant changes in blood vis- 
cosity were observed by the several methods used, even though the quantities 
of heparin and Dicumarol given in the final days of the experiment far ex- 
ceeded those used in clinical practice. Similar observations were made on 
venous blood of hospitalized patients receiving heparin and Dicumarol. Again, 
no significant change in blood viscosity was observed. 

Oscillometer recordings were also made on the extremities of the patients 
receiving Dicumarol. Invariably, these recordings showed an increase in am- 
plitude within several hours after receiving the initial dose of Dicumarol. The 
amplitude returned to its previous level after the drug was discontinued 
(lantern slides). 

It is coneluded from the above experiments that heparin and Dicumarol 
have no effect on the viscosity of blood, and any improvement in clinical symp- 
toms following the administration of these drugs is due to their direct effect 
upon the tonicity of the blood vessels. 
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103. THE EFFECT OF AMINOPHYLLINE ON CELL MEMBRANE 
PERMEABILITY AND OXYGEN UTILIZATION 


L. A. NALEFsKI, M.D. (By Invitation), AND N. C. GiuBert, M.D., Cuicago, IL. 


The clinical use of aminophylline and other xanthines in the treatment and 
management of coronary insufficiency or occlusion is widely practiced. Numer- 
ous studies of these drugs under controlled conditions have shown favorable 
results in alleviating or decreasing clinical symptoms manifested by this 
pathology. Other investigators conducting similar experiments failed to find 
evidence of improvement. Earlier laboratory studies measuring coronary flow 
following the administration of these drugs are also in disagreement. With 
current techniques of experimentation it is now generally agreed that cardiac 
output is increased following the administration of aminophylline, and, as a 
consequence, coronary flow is also increased, but this effect is short-lived. 
Other investigators also point out that the renal hemodynamics are favorably 
altered following the administration of aminophylline. Experiments, however, 
utilizing catheterization techniques have shown that the coronary sinus blood 
is more deplete of oxygen following parenteral injection of aminophylline than 
that found during the controlled periods. This was interpreted as being an 
unfavorable consequence. 

Because of the controversial history of the xanthines in the treatment of 
cardiac diseases, further laboratory experiments were undertaken to evaluate 
their effect on cell membrane permeability and cardiac metabolism. The work 
of Zak was repeated to see if his results demonstrating an alteration of cell 
membrane permeability following the administration of theobromine could be 
duplicated. Rabbits were given intramuscular injections of aminophylline for 
a period varying from two to four days. At the end of this time the animal 
was given a subcutaneous injection of sodium ferrocyanide and sacrificed. The 
heart as well as the kidneys and brain was removed and treated with ferric 
chloride and placed in a preservative. A decided difference was observed in 
the organs of the control animals as compared to those of the treated animals. 
The results indicated that the xanthines did have a marked influence on cell 
membrane permeability of the heart and kidneys of these animals but little or 
no effect on the brain. 

The effect that xanthines had on the rate of oxygen uptake of rat heart 
slices was also studied in the Warburg apparatus. Here again, it was found 
that certain members of the xanthine series caused an increase in oxygen 
utilization over prolonged periods of time. It was further observed that this 
increased rate of oxygen utilization was proportional to the concentration of 
xanthine in the medium even when using concentrations far in excess of those 
{ encountered in ¢linical application. 

It is concluded from the above experiments that some xanthines exert an 
influence on cell membrane permeability permitting a greater uptake of avail- 
able oxygen from the blood, and thus prevents or reduces myocardial ischemia 
allowing a more normal cardiac metabolism to take place even after the in- 
creased coronary flow rate has returned to its previous level. 


104. TREATMENT OF TYPHOID CARRIERS WITH 
CHLORAMPHENICOL 
DonaLp R. Nicuous, M.D., ROCHESTER, MINN. 


Numerous investigators have attempted to treat chronic typhoid carriers 
by the oral administration of chloramphenicol. The results have been uni- 
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formly unsuccessful. Our experience in treating patients who have been 
known carriers for over three years has likewise been disappointing. However, 
results obtained in treating a few convalescent or early chronic typhoid car- 
riers have been of considerable interest. Chloramphenicol was administered 
to six carriers in whom the excretion of Salmonella typhi had been known for 
seven months to two years. Four grams of chloramphenicol in divided doses 
was administered daily for twelve to fourteen days. Five of these six carriers 
have ceased to excrete Salmonella typhi. A few spontaneous cures are to be 
expected in such a group, and the number of eases is too small for any conclu- 
sions. However, the results in this group appear to be of considerable interest. 
In view of the seriousness of the problem caused by the typhoid carrier, further 
investigation of the use of chloramphenicol in the treatment of the convales- 
cent or early chronie typhoid carrier seems indicated. 


105. DIABETES MELLITUS AND CONCOMITANT LEUCEMIA 


JEROME T. Pau, M.D., WiuuiAm R. Brest, M.D. (By INVITATION), AND 
Louis R. Limarzi, M.D., Cuitcaco, IL. 


There are seventeen cases of coexisting diabetes mellitus and leucemia re- 
corded in the literature. A group of ten cases of diabetes mellitus associated 
with leucemia is presented. This group is part of a series of 805 cases of leu- 
cemia studied at two institutions. 

Of the ten patients, nine were white and one Negro. There were seven 
women and three men. Eight of the patients were over 50 years of age. The 
types of leucemia represented were as follows: six cases of chronic lymphatic 
leucemia, three cases of chronic myeloid leucemia, and one ease of subacute 
lymphatic leucemia. Diabetes mellitus was known to have existed prior to the 
onset of leucemia in eight cases. The diabetic state did not seem to effect the 
course of the leucemia. Two patients survived for two years after the diag- 
nosis of leucemia was made, and three patients were known to be alive for one 
year. 


106. HEADACHE: WITH SPECIAL REFERENCE TO THE EXCESSIVE 
USE OF ERGOTAMINE TARTRATE AND DIHYDROERGOTAMINE 


Gustavus A. Peters, M.D. (By INviTaTIon), AND Bayarp T. Horton, M.D., 
ROCHESTER, MINN. 


Eighteen patients with periodic headaches who used excessive amounts of 
ergot preparations are presented. Sixteen of them were observed in the past 
three years. Eight were men and ten were women. Their ages ranged from 
34 to 63 years. The average age of the women was 44 years, and that of the 
men 52 years. 

A woman, aged 52 years, took a total of 1,527 mg. of ergotamine tartrate 
(gynergen) over a ten-year period; the dose averaged 1 ¢.c. daily for about 
seven years (1942 into 1949). In 1945 a temporary severe cyanosis of the right 
fourth finger and swelling of the right great toe with paresthesias of the re- 
maining toes developed. Although injections were continued for the next four 
years, gangrene did not occur. A man, aged 56 years, took 0.5 ¢.e. of gyner- 
gen (1,440 mg.) twice daily for eight consecutive years. Another man, aged 
46 years, took 1+ ¢.c. of gynergen (1,080 mg.) daily for six years. Another 
man, aged 63 years, took 693 mg. in three and one-half years, but none of these 
three patients had complications. Toxic manifestations, such as paresthesias, 
cramping pains, cyanosis, muscular weakness in the extremities, nausea, vomit- 
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ing, diminution of arterial pulsations, anginal symptoms, substernal distress, 
cold hands and feet, and temporary anuria occurred in thirteen of the eighteen 
patients. Frank gangrene was not observed. The most severe complication 
occurred in the case of a patient who had taken eight gynergen (1 mg.) tablets 
daily for two months. Ischemic neuritis developed. Another patient had to 
stop the use of ergotamine tartrate subcutaneously because of the development 
of dyspnea and angina pectoris. Cafergone (ergotamine tartrate, 1 mg., plus 
100 mg. eaffeine) in this latter case had similar effects, but to a lesser degree. 
All symptoms disappeared after the ergot preparations were discontinued. 
One woman, aged 37 years, who had taken between 30 and 40 mg. of ergot- 
amine tartrate subcutaneously (0.5 ¢.c. twice daily) for approximately two and 
one-half months, had such vasospasm in the arteries of the upper extremities 
that the blood pressure was not obtainable until after use of the drug was dis- 
continued. Two of three patients using 1 to 3 e@e. of dihydroergotamine 
(DHE-45) daily had symptoms of toxicity when ergotamine tartrate was added 
to their therapeutic program. In seven cases “gynergen-withdrawal” head- 
aches developed when use of this drug was discontinued. Sensitivity to the 
ergot preparation was not observed. 


107. UNIPOLAR PRECORDIAL ELECTROCARDIOGRAMS IN 
VENTRICULAR ANEURYSMS 


GrorcE A. Pirmuis, M.D. (By Invitation), ATHENS, GREECE, AND 
Pau. H. Wostka, M.D., Cuicago, IL. 


The occurrence of ventricular aneurysm has been known for nearly two 
hundred years. The antemortem diagnosis is now made easier with improved 
laboratory methods, but, the postmortem diagnosis still is, in many instances, 
the first. The diagnosis of ventricular aneurysm was made electrocardiograph- 
ically at the Illinois Masonic Hospital in one case because of the characteristic 
pattern of anterior myocardial infarction with persistence of the elevation of 
the RS-T segment of the precordial leads V, to V, over a two-year period. This 
report includes this case and four others, all proved pathologically. 

The electrocardiograms were all characteristic of myocardial infarction ; 
four anterior and one posterior. Unequivoeal persistent RS-T segment eleva- 
tion was present only in one ease, suspicious in one, and due to fresh infare- 
tions in two eases. This is in agreement with the majority of authors, who 
find no specific electrocardiographiec pattern in eases of ventricular aneurysm. 
Most authors agree that the curves can be explained on the basis of the ante- 
cedent myocardial infarction and the resultant myocardial changes. The exact 
mechanism of the continuous injury pattern in the presence of ventricular 
aneurysm is not clear, and may be multiple: ischemia, hypertrophy of muscle 
fibers surrounding the aneurysm, windowlike transmission of cavity potentials, 
or even strain. 

The probable site of the aneurysm may be localized if a sufficient number 
of leads are available. Four of the cases showed the aneurysm to be located 
in the left ventricle on the anterior wall near the apical region, the most com- 
mon anatomie location. 


108. EFFECTS OF CORTISONE AND ACTH ON PSORIATIC ARTHRITIS 


Howarp F. Pouiey, M.D. (By INvITATION), PHtuir S. HENcH, M.D., An 
Louis A. Brunstine, M.D. (By INvitTaTIOn), RocHESTER, MINN 


In order to determine comparative effects on psoriatic arthritis and 
psoriasis two women and one man with psoriatic arthritis and one woman with 
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psoriasis presumably unrelated to her rheumatoid arthritis were given corti- 
sone acetate. One patient also received ACTH. Psoriasis had been present 
four to twenty-four years, arthritis two to fifteen years. Average daily doses 
of cortisone were 75 to 183 mg.; total doses were 2.2 to 5.8 grams. ACTH was 
given in 80 mg. daily doses for eleven days, followed by 160 mg. daily for 
seventeen days. 

Antirheumatic effects occurred promptly; relief ranged from 80 to 95 per 
cent in all patients. Initial sedimentation rates ranged from 64 to 30 mm. in 
one hour (Westergren). Normal sedimentation rates were obtained in two 
patients within fifteen and thirty-two days, respectively ; partial decreases oc- 
curred in the other two patients. Serum proteins and uric acid were normal 
before, during, and after administration of the hormones. Mild hypochloremie, 
hypopotassemic, alkalosis developed transiently in one patient after 160 mg. 
daily doses of ACTH for sixteen days. Another patient developed transient 
paranoid schizophrenia after 183 mg. daily doses (average) of cortisone for 
twelve days. 

Effects on the cutaneous lesions of psoriasis were not remarkable, and 
were more variable than were the antirheumatic effects. Lesions cleared an 
estimated 75 per cent in one patient, 50 per cent in another. In the third 
patient psoriasis was unchanged, while in the fourth case new lesions developed 
during the administration of cortisone. With the larger doses of ACTH psoria- 
sis cleared completely for seven days, but the skin became thickened and pig- 
mented. Relapse occurred promptly when this hormone was discontinued. 
Local application of cortisone to cutaneous psoriasis was ineffective in one case. 
Relative differences in dosage of cortisone and ACTH might account for, at 
least partially, varying responses of psoriasis to these hormones. 

Further studies are needed to account for the differing cutaneous and 
articular responses of psoriatic arthritis to cortisone and ACTH. 


109. CLINICAL STUDIES IN REVERSAL OF FLOW IN PATENT 
DUCTUS ARTERIOSUS 


Wa ter H. PritcHarp, M.D., BERNARD L. BROFMAN, M.D. (By Invitation), 
AND HERMAN K. HELLERSTEIN, M.D., CLEVELAND, OHIO 


The mechanisms whereby blood flow through a patent ductus arteriosus may 
be reversed by an alteration in the normal aorta-pulmonary artery pressure 
gradient are illustrated by studies on the following cases. 

A young woman had experienced dyspnea and cyanosis which was more con- 
spicuous in the lower extremities since puberty. Catheterization studies showed 
femoral arterial oxygen saturation to be 25 per cent less than brachial. Systolic 
femoral and right ventricular pressures were equal and high, being 140 mm. Hg; 
brachial systolic pressure was 110 mm. Hg. Angiocardiograms revealed a patent 
ductus arteriosus with a right to left shunt. Following ligation of the ductus, 
death occurred within eight hours. Autopsy showed moderate pulmonary vascu- 
lar disease and right ventricular hypertrophy. 

A boy with coarctation of the aorta had become increasingly dyspneic. Cya- 
nosis with clubbing of the toes was obvious. Femoral arterial oxygen saturation 
was 73 per cent. Brachial blood pressure was 120/100; femoral and right ven- 
tricular systolic pressures were approximately 115 mm. Hg. Angiocardiograms 
showed coarctation of the aorta and a patent ductus with flow from pulmonary 
artery to aorta. Sudden death followed subsequent retrograde angiocardiogram. 
At autopsy, coarctation, patent ductus, septal defect, and right ventricular hy- 
pertrophy were found. 
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Cyanosis, which is disproportionately great in the lower extremities, may 
be produced by shunting blood from the pulmonary artery to the aorta through 
a patent ductus arteriosus. In these two cases the observed differential eyano- 
sis resulted from such shunting. In the first case, excessive pulmonary hyper- 
tension, which produced the reversal of ductus flow, was caused largely by the 
demonstrated anatomic pulmonary arteriolar disease. Other studies on this 
patient suggest that functional pulmonary vasoconstriction also contributed 
to elevate pulmonary pressure above aortic. In such a ease, ligation of the 
ductus may be dangerous because of the immediate additional load placed upon 
the right ventricle. 


In the second ease, the patent ductus served as an “aorta” for the sys- 
temie right ventricle which supplied blood to the lower part of the body below 
the severe aortic constriction. In this type of anomaly, repair of the coarcta- 
tion, if possible, should precede the contemplated duct ligation. 


110. THE INCREASED EFFICIENCY OF ABSORPTION OF RESPIRED 
OXYGEN BY PATIENTS WITH HYPERTHYROIDISM 


I. Darin Pupret, M.D., AND VINCENT WROBEL, B.S. (By Invitation), 
COLUMBUS, OHIO 


We have known for years that there is an increased demand for oxygen by 
the body in hyperthyroidism. However, the mechanisms by which the respira- 
tory apparatus meets this increased demand have not been clarified. 


Consequently, the tidal breathing capacity, oxygen consumption, and ¢o- 
efficient of absorption of respired oxygen of twenty normal persons and of fifty 
patients with varying degrees of thyroid function and with various causes of 
hypermetabolism were studied under basal conditions. 


The most remarkable phenomenon which we observed was that hyper- 
thyroid patients absorbed a much larger quantity of oxygen from a given 
amount of respired oxygen than normal people, and thus differed from patients 
with other causes of hypermetabolism in whom the coefficient of absorption re- 
mained practically normal. The increased percentage uptake of respired 
oxygen rose from a normal of 3.6 per cent to as high as 17.3 per cent. This 
increased efficiency of absorption of respired oxygen in hyperthyroidism re- 
duces markedly the burden on the lung ventilatory function and explains why 
the pumping action of the chest does not increase in direct proportion to the 
increased basal rate of metabolism as was heretofore commonly believed. It 
answers the question why so many patients with severe uncomplicated hyper- 
thyroidism breathe with no more difficulty than normal people. It also indi- 
eates why certain patients with hyperthyroidism may even hypoventilate and 
yet absorb a sufficient amount of oxygen to meet the increased demands of the 
hyperthyroid state, thus avoiding chronic anoxemia which was assumed by 
some to oceur in these patients. Adequate medical therapy or adequate surgery 
returned the absorption to normal. It is our opinion that the relative hypo- 
ventilation is due to easy fatigability of the muscles of respiration. We found 
there is definite crippling of the maximum breathing capacity in this disease. 
One or more of many factors may lead to the increased coefficient of absorption. 
However, we strongly feel the great increase in minute volume of blood flow 
through the lung in hyperthyroidism plays the outstanding role. Both clinical 
and experimental studies are in progress to extend and make practical use of 
these findings, as well as to clarify the nature of the hyperabsorption of re- 
spired oxygen in hyperthyroidism. 
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111. THE ROLE OF VITAMIN K IN THE FORMATION 
OF PROTHROMBIN 


ARMAND J. Quick, M.D., AND GEORGE COLLENTINE, M.D. (By Invitation), 
MILWAUKEE, WISs. 


Dogs that had been subjected to cholecystnephrostomy were employed to 
study whether vitamin K is utilized directly in the synthesis of prothrombin, 
i.e., becoming part of the prothrombin molecule; or whether it is needed in the 
enzymatic system that produces prothrombin. With the diversion of the bile 
through the kidney, the animal’s ability to absorb vitamin K from the intestines 
was so decreased that after several months a marked avitaminosis K and a hypo- 
prothrombinemia occurred. When the prothrombin level decreased below 0.5 
per cent (75 seconds), the intravenous injection of 9 gammas of natural vitamin 
K, per kilo of body weight restored the prothrombin level to normal (6 sec- 
onds) in four hours and maintained it for more than twenty-four hours. Thus, 
in a dog weighing 14 kg. having a blood volume of over 1,000 ¢.¢., 125 gammas 
of vitamin K, sufficed to synthesize and maintain the animal’s total prothrom- 
bin. These data make it appear unlikely that vitamin K, with its relatively 
large molecular weight (450) is directly incorporated into the prothrombin 
compound. It seems more reasonable to postulate that vitamin K, is the 
prosthetic group with which the apoenzyme (AE) combines to form the active 
enzyme (AE-K). Deficiency of vitamin K does not affect the concentration of 
the apoenzyme. 

Significantly, 2-methyl, 1, 4-naphthoquinone (menadione) even when given 
in large doses (70 gammas per kilo of body weight) restores the concentration 
of prothrombin only to 40 per cent of normal. This suggests that menadione 
(M), like vitamin K,, acts as a prosthetic group forming the enzyme (AE-M) 
which, unlike AE-K,, is far less efficient and can maintain only a 40 per cent 
prothrombin level. 

It can be assumed that the concentration of prothrombin in the blood is in- 
fluenced by the rates of formation and of destruction. The latter is relatively 
high; probably 80 per cent of the circulating prothrombin is replaced daily in 
the dog and rabbit. The rate of formation is even more rapid, since the ani- 
mal’s total prothrombin can be produced in four hours. How the rate of syn- 
thesis is controlled to maintain a fixed concentration of prothrombin remains 
unknown. 





112. SPECIFIC FOOD ALLERGENS IN ALCOHOLIC BEVERAGES 
THERON G. RANDOLPH, M.D., Cuicago, ILL. 


| Reactions of intolerance to small amounts of specific types of alcoholic 
drinks are indicative of specific sensitization to the food sources from which the 
constituent alcohols and flavors are derived. A detailed history of such reac- 
tions in the light of a knowledge of the basic food ingredients employed in the 
brewing, distillation, and rectification of alcoholic beverages affords more in- 
formation as to the probability of specific food allergy than any other part of 
the history. 

Pure samples of spirits, sugars, and starches derived from a particular 
food produce symptoms when ingested by specifically sensitized patients under 
the terms of the individual food test, but comparable amounts of the alcohol 
produce a more immediate and intense allergic response than other physical 
forms of the same food. A given corn-sensitive patient was subjected to blind 
feeding with the various forms of corn, namely: corn spirits, sugar, starch, 
and oil. The onset of clinical symptoms occurred respectively at seven, ten, 
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twenty-five, and one hundred eighty minutes. The intensity of the reaction 
varied inversely with the interval elapsing from the time of ingestion to the 
onset of symptoms. 

Specifically diagnosed highly sensitive allergic individuals respond with 
the expected pharmacologic action of alcohol when fed a test dose of spirits 
derived from compatible food sources. <A test dose of spirits derived from or 
containing one or more specific food allergens may produce mental confusion, 
ataxia, slurring of speech, and other evidences of drunkenness, as well as the 
delayed effects of a hangover. Both the pharmacologic response from alcohol 
and the allergic response from specific spirits are accentuated as the result of 
the ingestion of repeated doses. In general, the former is associated with the 
relatively nonataxic, red-faced, happy, gregarious type of inebriation, the 
second with ataxic, pale-faced, morose, seclusive, belligerent form of drunken- 
ness in which anorexia, nausea, or vomiting are prominent features. The ab- 
sence of or the relatively mild nature of the hangover symptoms in the first 
instance is contrasted to the debilitating hangovers in the second. 


113. ALLERGIC FACTORS IN THE ETIOLOGY OF CERTAIN 
MENTAL SYMPTOMS 


THERON G. RANDOLPH, M.D., Cuicaco, IL. 


Although scattered features of the allergic mental syndrome had been ap- 
preciated for some time, this concept was given impetus by the recent induc- 
tion of attacks characterized by severe mental depression, stupor, ataxia, dis- 
orientation, regression to juvenile levels, and compulsive psychotic behavior 
following the ingestion of specific foods. These reactions consisted of various 
successive levels, somewhat analogous to the stages of anesthesia. The rapidity 
of the descent through each and the general severity of the symptoms were 
proportional to the specific sensitivity and the amount of the food ingested. 
Blind feeding by gavage of beets, beet sugar, coffee, or chocolate invariably 
produced such psychotic episodes, the acute phase of which was associated 
with excessive thirst, fluid retention, and the development of the sludging 
phenomenon. Sham feeding in conjunction with positive suggestion failed to 
produce symptoms. The avoidance of specific food allergens has relieved one 
patient for the past seven months. Less severe but similar reactions have been 
induced in other patients subject to intermittently acute but reversible psy- 
chotie disturbances. 

The clinical “levels” of experimentally induced psychotic reactions are 
as follows: 


1. Primarily localized allergic manifestations of pruritis, rhinitis, con- 
junctivitis, coughing, etc.; the only cerebral manifestations being blurred 
vision, parosmia, and shortened attention span. 

2. Somnolence and other minor features of the allergic fatigue syndrome; 
localized allergic manifestations may be absent. 

3. Severe fatigue, weakness, myalgia, mental confusion, depression and 
anxiety symptoms; localized expressions of allergy are usually lacking. 

4. Progressive hyperkinesis, muscular incoordination, mental confusion 
and depression, with partial or transient disorientation and impairment of re- 
cent memory. 

5. Depression and psychotic behavior to the point of suicide attempts and 
dementia. Severe mental symptoms associated with varying degrees of am- 
nesia, disorientation, and regression, but without excessive physical activity 
are most common. Extreme hyperkinesis and manic compulsive behavior neces- 
sitating sedation and restraints have been observed. 
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114. THE MECHANISM OF CHRONIC ALCOHOLISM 
THERON G. RANDOLPH, M.D., Cuicaco, ILL. 


The clinical picture of chronic alcoholism occurs in association with specific 
sensitivity to one or more of the native food ingredients of aleoholic beverages, 
in view of the fact that spirits not only carry the allergenicity of their food 
sources, but are particularly effective in inducing and maintaining the symp- 
toms of masked sensitivity. 

Masked food allergy, defined by Rinkel as the clinical phenomenon of a 
decrease or abolition of symptoms immediately following the ingestion of a 
food to which a patient is sensitive, is a basic mechanism in chronic alcoholism. 
In the presence of advanced degrees of masking, an individual develops a 
craving for the articles of the diet to which he is specifically sensitized by 
virtue of the fact that their ingestion temporarily alleviates his chronic dis- 
tress, and the fact that their specific abstinence is followed by a delayed in- 
crease in symptoms. This mechanism, explaining the drinker’s preference for 
specific liquors, the compulsive features of continued drinking, and the with- 
drawal effects from stopping, is accentuated when dealing with spirits be- 
eause of their extremely rapid absorption, and possibly because of increased 
solubility of the allergens in the presence of alcohol. 

92.5 per cent of a neighborhood group of 40 reformed aleoholies had 
constitutional or localized allergic manifestations prior to abstinence, the 
majority continued with residual allergic symptoms after the avoidance of 
aleohol. 

A selected group of reformed alcoholics, as encountered in an allergy prac- 
tice, exhibited high degrees of specific sensitivity to the foods used in the manu- 
facture of their preferred drinks. Several of these patients had severe with- 
drawal symptoms associated with the avoidance of such a food from the diet in 
preparation for an individual food test with it. At the time of the test inges- 
tion they developed localized allergic manifestations as well as intense head- 
ache, fatigue, weakness, nervousness, or other constitutional symptoms similar 
in all respects to their former hangovers. 

The foods most commonly incriminated as of etiologic significance in 
chronic alcoholism are: corn, wheat (including barley and rye), grape, cane, 
potato, beet, apple, citrus, and other minor fruits. 


115. THE EFFECT OF SODIUM AND POTASSIUM ON THE METABOLIC 
AND PHYSIOLOGIC RESPONSES TO ACTH 


WiLuiAM Ransonorr, M.D. (By Invitation), ALBERT A. Brust, M.D. (By 
INVITATION ), Morton F. Reiser, M.D., I. ARTHUR Mirsky, M.D., AND 
EuGENE B. Ferris, M.D., CINCINNATI, OHIO 


Three patients were studied during normal and restricted sodium intake 
with and without ACTH (100 mg. per day). Potassium intake was normal 
throughout. Cases included: (1) uncomplicated hypertension; (2) hyperten- 
sion, impaired renal function, and congestive heart failure; and (3) rheuma- 
toid arthritis with normal blood pressure. Periods of ACTH administration 
were fifteen, thirty-three, and forty-nine days, respectively. Water and elec- 
trolyte intake, weight, blood pressure, tetraethylammonium chloride (TEAC) 
response, ballistocardiogram, electrocardiogram, leucocytes, eosinophils, serum 
sodium and potassium, glucose tolerance, and urinary output of water, 17- 
ketosteroids, sugar, sodium, and potassium were followed. 
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Sodium intake influenced the action of ACTH in several ways. In Case l, 
when sodium intake was increased following a period of ACTH-low sodium, 
there was prompt, but transient, rise in leucocyte count, stroke volume, urinary 
sugar, and 17-ketosteroids. During administration of ACTH, Case 1 (uncompli- 
eated hypertension) retained water when sodium intake was normal, did not 
when sodium intake was restricted ; Case 2 (hypertension, impaired renal fune- 
tion) retained water regardless of sodium intake; Case 3 (normal renal fune- 
tion) retained no excess water regardless of sodium intake. The effect of 
sodium and ACTH on blood pressure and TEAC response are presented else- 
where. 

The diabetogenic effect of ACTH was greatest in Case 3, least in Case 2. 
— 1, the diabetogenic effect appeared to be lessened by restriction of 
sodium. 

In every case ileus, weakness, apprehension, and electrocardiographic 
changes typical of potassium deficiency appeared. Case 3 became frankly 
psychotic; parallel electroencephalographic and electrocardiographie changes 
were demonstrated, and these, together with the above clinical aberrations were 
corrected by administration of KCL, recurred, and were again corrected by 
potassium administration. The severity of the effects of potassium depletion 
depended upon the duration of ACTH administration. Serum potassium levels 
tended to fall during ACTH administration, but day-to-day variations did not 
clearly correlate with the clinical severity of deficiency symptoms. 

The three cases suggest: (1) sodium intake may influence the metabolic 
response to ACTH; (2) some of the “toxie effects” associated with ACTH ad- 
ministration are symptoms of potassium depletion; (3) the water retaining 
action of ACTH is dependent on the renal status. 


116. EFFECT OF ACTH AND CORTISONE ON CARDIORESPIRATORY 
FUNCTION 


W. H. Reever, M.D. (By INviTaTION), AND BEN E. Goopricu, M.D., 
Detroit, MIcH. 


Knowledge of physiologically altered cardiorespiratory function due to 
ACTH and cortisone is negligible. Information was obtained from seven 
ophthalmologic patients with no cardiac or pulmonary symptoms who received 
one or the other of these drugs. Special studies included determination of pul- 
monary function by recording resting minute volume, maximum voluntary 
ventilatory capacity, basal and maximal oxygen consumption, carbon dioxide 
elimination, per cent oxygen consumed and carbon dioxide eliminated, respira- 
tory quotient during basal and maximal breathing, ventilation reserve, breath- 
ing reserve, per cent breathing reserve, vital capacity, chest expansion, venous 
pressure, circulation time, teleoroentgenogram in maximal inspiration and ex- 
piration, and electrocardiograms. These studies were done before, during, 
and after treatment. 

Patients demonstrated increased pulmonary functional capacity while 
receiving steroid therapy. Graphs and charts illustrate increased breathing 
reserve and gas exchange. Electrocardiographic changes occurred in three 
patients during treatment. Depression of S-T segments, inversion of T waves, 
and altered Q-T times were present. Reversion to normal pretreatment pattern 
occurred after cessation of therapy. An additional number of patients are 
being evaluated in regard to electrocardiographic changes. 

Increased availability of these drugs is resulting in wider usage. These 
studies add useful in*ormation regarding physiologic alterations which may 
oceur during therapy. 
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117. OBSERVATIONS UPON ELECTROLYTE AND FLUID BALANCE IN 
PATIENTS WITH CIRRHOSIS OF THE LIVER 


Wituiam E. Ricketts, M.D. (By Invitation), LILLIAN EICHELBERGER, PH.D. 
(By Invitation), JosepH B. Kirsner, M.D., AND WALTER L. PALMER, M.D., 
CuHiIcaGo, IL. 


The problem of electrolyte and fluid balance in cirrhosis of the liver was 
investigated in seven patients in whom the diagnosis was established by histo- 
logic examination. Four patients had ascites and edema at the time of study; 
two had remained well following recovery from hepatic failure, ascites, and 
edema three years earlier; one patient had had no symptoms related to the cir- 
rhosis. Two normal individuals were studied similarly as controls. The fol- 
lowing analyses were obtained at intervals: sodium, potassium and chloride in 
blood, ascitie fluid, and urine; serum carbon dioxide, pH, total protein, albumin 
and globulin, total protein in ascitic fluid, plasma volume, hematocrit, and thio- 
cyanate space. All studies were conducted under metabolic conditions with 
constant intake of food, water, and electrolytes. The investigation was directed 
to the effects of varying intakes of sodium and water, abdominal paracentesis, 
diuretics, and parenterally administered protein upon the ascites, edema, and 
urine output, and the electrolyte composition of the blood, ascitic fluid, and 
urine. 

The urinary excretion of sodium and chlorides was greatly decreased in the 
patients with portal cirrhosis and ascites. The administration of 4.2 Gm. of 
sodium chloride resulted in oliguria and further retention of fluid. The retention 
of sodium and of water presumably is attributable to increased reabsorption of 
sodium by the renal tubules. The administration of salt-poor human albumin did 
not correct the defect in sodium excretion, suggesting that the abnormality is not 
related to alterations in the colloid osmotic pressure of the blood. The urinary 
excretion of electrolyte was not correlated with the serum electrolytes. Restric- 
tion of the sodium intake to 500 mg. daily led to an adequate output of urine 
and prevented the further formation of ascitic fluid and edema. Mercurial 
diuretics, in the absence of sodium restriction, were frequently ineffective. The 
urinary excretion of sodium and the tolerance for sodium were normal after the 
subsidence of active parenchymal disease and the disappearance of ascites and 
edema. 


118. BRONCHIOLAR MUSCULAR TONE IN THE REGULATION OF 
THE PULMONARY CIRCULATION 


Smon Ropparp, Px.D., Cutcaco, IL. 
(INTRODUCED By Louis N. Katz, M.D.) 


Interposition of the pulmonary circulation between the left and right 
ventricles would appear to require active control mechanisms adequate to 
equalize the ventricular outputs, prevent engorgement and _ transudation 
(edema), while affording optimal conditions for gas exchange. Nevertheless, 
the pulmonary blood vessels do not respond significantly or consistently to 
neurogenic or pharmacodynamic stimuli. As a result the lungs have come to 
be considered a passive vascular bed dependent on extrapulmonary factors for 
its control. However, the lungs have within them a well-developed muscular 
apparatus: the bronchiolar musculature. This tissue has notable responses 
to neurogenic and pharmacologic stimulation. Our studies on the pressure 
pulses recorded simultaneously in the pulmonary and systemic arteries may be 
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interpreted as showing that bronchiolar muscular tone acts to regulate the 
pulmonary circulation by its action on the intra-alveolar pressure. 

An index of the intra-alveolar pressure is obtained from the pulmonary 
arterial diastolic blood pressure. During inspiration the bronchioles dilate 
actively and intra-alveolar pressure falls. During expiration, vagotonie in- 
fluences cause the bronchioles to constrict and increase the intra-alveolar pres- 
sure by increasing the resistance to outflow of air from the alveoli. This in- 
creased intra-alveolar pressure compresses the pulmonary capillaries reducing 
their volume, and probably acts to foree accumulated transudates back into the 
capillaries. These actions are reflected in an increased pulmonary arterial di- 
astolic pressure during expiration, and a decreased pressure during inspiration. 

Adrenergic influences dilate the bronchioles reducing the intra-alveolar 
pressure, and the pulmonary diastolic pressure falls. When this effect is 
marked and prolonged, pulmonary congestion and edema may ensue. Vago- 
tonie influences increase bronchiolar tone, and intra-alveolar and pulmonary 
diastolic pressures, thus acting against pulmonary edema. Histamine produces 
expiratory bronchial spasm and an emphysematoid condition. With such in- 
creased intra-alveolar pressure, the pulmonary diastolic arterial pressure is 
raised. The bronchiolar musculature is thus seen as an important factor in 
regulating the blood reservoir function of the lungs, the pulmonary arterial 
pressures, and the control of pulmonary transudation. This interpretation has 
proved useful in the analysis of the ecardiorespiratory dynamics in ecardio- 
pulmonary diseases. 


119. CLINICAL EVALUATION OF 4-HYDROXYCOUMARIN 
ANTICOAGULANT NO. 65 


Royau Rorrer, M.D. (By INviTaTION) AND Ovip O. Meyer, M.D., 
MapIson, WIs. 


The 4-hydroxycoumarin anticoagulant No. 63, a preparation akin to 
Dicumarol, was originally synthesized in Dr. Karl] Paul Link’s laboratory by Dr. 
Myoshi Ikawa in 1942, and its hypoprothrombinemice effect was initially demon- 
strated in rabbits. Chemically it is 2-methyl-2 methoxy-4 phenyl-5-oxodihydro- 
pyrano-(3,3-c) (1) benzopyran. 

The first clinical observations of the compound were made by Battle, 
Capps, Orth, and Meyer, who demonstrated that the drug could be admin- 
istered safely and that adequate hypoprothrombinemia could usually be pro- 
duced in twenty-four to forty-eight hours. The prothrombin time returned to 
the pretreatment level in an average of eight days; and there were no changes 
in the complete blood count, urinary findings, or studies of hepatic function. 

Since the initial studies were done, this compound has been administered 
to approximately 100 patients. Prothrombin determinations were performed 
daily by the Link-Shapiro modification of the Quick Method. The usual initial 
dose was 2 mg. per kilogram of body weight. Subsequent dosage was gov- 
erned by the prothrombin per cent, and averaged about 0.5 to 1.0 mg. per kilo- 
gram at intervals of one to three days. An attempt was made to keep the 
prothrombin values between 20 and 40 per cent of normal. The results demon- 
strated that satisfactory prothrombin levels could be maintained for prolonged 
periods with a relatively stable dose. Save for subcutaneous hemorrhages in 
one case, no toxic effects were demonstrated. The apparent advantages of the 
compound over Dicumarol are the somewhat earlier onset of action and, more 
importantly, the ease of maintenance of the prothrombin time within the thera- 
peutic range. 
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Synkayvite (Roche), when given intravenously in single 75 mg. doses and 
in repeated doses to total 450 mg. over an eight-hour period, failed to alter the 
prothrombin time. Surprisingly, 500 ¢.c. blood transfusions also appeared to 
be ineffective as correctives of excessive hypoprothrombinemia. Oral vitamin 
K, (Merck) in 250 mg. doses was consistently effective in bringing the pro- 
thrombin time back toward normal, beginning in some eases as soon as four 
hours after administration, and reaching a maximum in about twenty hours. 


120. THE MEASUREMENT OF INSTANTANEOUS CHANGES IN 
CEREBRAL BLOOD FLOW IN HUMAN BEINGS BY ITS EFFECT 
ON THE CEREBROSPINAL FLUID PRESSURE 


H. W. Ryper, M.D., F. F. Espey, M.D. (By Invitation), F. V. Kristorr, M.D. 
(By INviTaTION), AND J. P. Evans, M.D. (By Invitation), 
CINCINNATI, OHIO 


The relation between intracranial pressure and cerebrospinal fluid volume 
change is exponential under defined circumstances, the pressure change for 
a small volume change being slight at normal pressures and critically important 
at high pressures. Since pressure changes in the intracranial contents are al- 
ways due to volume changes, the differences in volume required to account for 
a given pressure change can be calculated from this relation. 


A surge in intracranial pressure follows the performance of the Valsalva 
procedure of bearing down while holding a deep breath. The calculated volume 
change due to this surge is small and independent of the initial and final intra- 
cranial pressures. Peak surge pressures varying between ten and a thousand 
millimeters of water appear as a result of performing identical Valsalva pro- 
cedures, the differences depending on the amount of fluid added to the cere- 
brospinal fluid space before the procedure is begun. Since there are no differ- 
ences in the pattern of the arterial and jugular pressure responses, the different 
surge pressures are not due to transmitted arterial pressures or the effects of 
passive cerebral venous distention. The surge pressures are due to small 
volume changes that are independent of the intracranial or jugular pressures 
that occur too rapidly to be due to cerebrospinal fluid shifts, and that are asso- 
ciated with the surge in cardiac output and arterial pressure that follow the 
Valsalva procedure. These volume changes are those of the intracranial vascu- 
lar bed resultant from changes in the intraluminal pressures due to changes in 
cerebral blood flow. Changes in flow during hyperventilation or breathing 
carbon dioxide cause the same exaggeration in the cerebrospinal fluid pressure 
response when the cerebrospinal fluid volume is increased before starting the 
procedure. 

Because of this partial dependence of the cerebrospinal fluid pressure on 
the rate of cerebral blood flow, under defined circumstances changes in intra- 
cranial pressure can be used to measure, qualitatively, instantaneous changes 
in cerebral blood flow. 
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121. METABOLIC OBSERVATIONS ON THE EFFECTS OF CORTISONE 
IN TWO PATIENTS WITH ADDISON’S DISEASE 


Rospert M. Sauassa, M.D. (By Invitation), RANDALL G. Spraaue, M.D., 
MARSCHELLE H. Power, Pu.D., Harotp L. Mason, Pu.D., anp Don R. 
Martuieson, M.D. (By INviTaTION), ROCHESTER, MINN. 


As a result of the synthesis and successful commercial production of corti- 
sone, a very active adrenal steroid which should be useful in the treatment of 
Addison’s disease became available for clinical use. To evaluate the effective- 
ness of cortisone used alone as a form of therapy in Addison’s disease, metabolic 
studies were carried out on two patients with Addison’s disease while they were 
receiving cortisone. The patients were maintained with desoxycorticosterone 
acetate during the control periods which preceded and followed the adminis- 
tration of cortisone. The patients received 100 mg. of cortisone the first day, 
and 50 mg. daily thereafter, one for fifteen days, and the other for twenty 
days. Cortisone did not prevent the loss of sodium and chloride by way of the 
urine or the development of hemoconcentration and dehydration. The admin- 
istration of cortisone was associated with an increase in the content of nitrogen 
in the urine and an increased excretion of uric acid, 11-oxysteroids and 17- 
ketosteroids in the urine. There was no significant change in the absolute 
eosinophil count during the period of administration of cortisone. The reac- 
tion to the tuberculin test was positive in one patient, and it remained posi- 
tive during treatment with cortisone. When desoxycorticosterone acetate was 
given with cortisone, the dehydration, hemoconcentration, and loss of sodium 
and chloride were rapidly corrected. Cortisone in the doses used did not have 
—— salt-retaining ability to constitute adequate treatment for Addison’s 

isease. 


122. SPECIFIC ANDROGEN STIMULATION OF THE RAT’S PROSTATIC 
PHOSPHATASES AS A BASIS FOR THE ASSAY OF 
ANDROGENIC MATERIAL 


C. A. SCHAFFENBURG, M.D. (By INviITATION), AND E. Perry McCuuuagu, M.D., 
CLEVELAND, OHIO 


The purpose of this study was to establish a sensitive and simple means of 
assay of androgens which could be adapted to clinical assays of androgens as 
such and to measurement of ICSH (interstitial-cell stimulating hormone, or 
LH). 

The weights of the seminal vesicles and prostate and the prostatic acid 
and alkaline phosphatase contents of immature castrate rats were measured 
after injection of the following steroids: (a) testosterone propionate; (b) 
dehydroandrosterone; (c) A 4-androstenedione-3,17; (d) androstanedione-3,17 ; 
(e) A 5-androstenediol-3(8)17(8); (f) a-hydroxyprogesterone; (g) progres- 
terone; (h) desoxycorticosterone acetate (DCA); and (i) a-estradiol. All 
steroids were administered subcutaneously dissolved in oil in one daily injec- 
tion for three days, and the animals were killed one hundred hours after the 
first injection. Prostatic phosphatases were determined in fresh tissue homog- 
enates by the method of Huggins and Talalay. 

The following conclusions were drawn: (1) Steroids with little (e.g., 
progesterone) or no androgenic activity (a-estradiol, DCA) do not cause an 
increase in the prostatic or vesicular weights or phosphatase content. (2) 
With androgenic steroids the degrees of stimulation are proportional to the 
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androgenic potency of the compound, and (3) directly proportional to the 
amount administered. (4) The phosphatase contents, especially the alkaline, 
are more sensitive indices of androgenic activity than either organ weights 
alone. 

The specific androgen-responsiveness of the castrate rat’s prostatic phos- 
phatases is being applied to the determination of urinary androgens. This 
response can also be elicited in intact immature and in hypophysectomized rats 
by injection of chorionic gonadotrophin. These experiments are aimed at 
assessing the value of this test as an index of ICSH activity, for which there 
exists no adequate methods of measurement. 


123. THE DISAPPEARANCE RATE OF RADIOIODINE IN 
THYROTOXICOSIS 


FENTON SCHAFFNER, M.D., AND Morris T. FRImEDELL, M.D., Cuicaco, IL. 
(INTRODUCED By Hans Popper, M.D.) 


The disappearance rate of radioiodine (I'*1) from the thyroid was studied 
in twelve patients with thyrotoxicosis. After thyroid uptake values were 
established, therapeutic doses (5 to 16 millicuries), calculated to deposit 100 
microcuries of radioiodine per gram of gland, were given. Lugol’s solution 
was given for one week beginning three days after the therapeutic dose. The 
counts per minute over the thyroid were recorded weekly for six to eight 
weeks. Counts were also obtained at the same distance over the thigh with 
the thyroid well shielded. The thigh readings were recorded as a percentage 
of the thyroid readings. The weekly counts over the thyroid were plotted 
against the number of days logarithmically. The successive half-lives were de- 
termined from these graphs. 

In nine patients who received a sufficient single therapeutic dose, it was 
noted that in the last two to four weeks of the period of observation, the half- 
lives became shorter, dropping from approximately six to three days. The 
‘adioiodine disappearance rate had increased. Repeated uptake studies ten to 
twelve weeks after treatment were normal or slightly low. In three patients 
who had received insufficient treatment, the half-lives became longer, approach- 
ing the physical half-life of I’! (eight days). Repeated tracer studies in these 
patients after therapy still revealed uptake values above 35 per cent. When 
these patients were re-treated, they followed a pattern similar to those ade- 
quately treated. When the disappearance rate increased, the amount of activity 
in the peripheral tissues, as measured by the thigh readings, was increased. 

These findings suggest that the hyperactive thyroid gland is able to pre- 
vent excretion of iodine from the body in spite of rapid turnover from inor- 
ganic to organic iodine, and vice-versa. In the adequately treated gland this 
process is not interfered with and the radioiodine remains in the body, chiefly 
in the thyroid. In those eases adequately treated, the increased disappearance 
rate suggests slowing of the iodine turnover with more inorganic iodine being 
excreted. Thus, the adequacy of a therapeutic dose of radioiodine can be 
judged before the clinical results become fully apparent. 
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124. PRODUCTION OF SPECIFIC ANTI-SERA AGAINST 
ERYTHROCYTES FROM PATIENTS WITH SICKLEMIA 


Rose G. SCHNEIDER, PH.D. (By INviTaTION), AND Wiuu1AMm C. Levin, M.D., 
GALVESTON, TEXAS 


We have previously reported on the production of rabbit anti-sera which 
agglutinated erythrocyte suspensions from 18 individuals with sickle-cell 
anemia, but did not react with erythrocytes from 19 subjects with sickle-cell 
trait, nor from 101 normal subjects. It was also noted that the sera of many 
individuals with sicklemia contained autoantibodies as demonstrated either 
directly, or by a positive Coombs test. 

The present report deals with the production of antisera against erythro- 
eytes from an individual with sickle-cell trait. Washed erythrocytes of this 
individual were injected into rabbits, and the sera thus obtained were absorbed 
with normal erythrocytes of the appropriate blood group and type. Of nine 
rabbits injected, five survived, and two produced usuable sera. 

One of these sera was used for agglutination reactions against erythro- 
eytes form 15 individuals with sickle-cell anemia, 17 with sickle-cell trait, and 
82 normal individuals. Erythrocyte suspensions from all 15 sickle-cell anemia 
patients gave one or two plus agglutination reactions with the sera. Of the 17 
subjects with sickle-cell trait, 10 gave negative reactions with the sera. The 
remaining 7 gave doubtful or one plus reactions, although several of these were 
positive on some occasions and negative on others. Of the 82 individuals who 
served as controls, 77 showed negative reactions, and five gave either doubtful 
or one plus agglutination. With one exception, these five were patients with 
anemias (other than sickle-cell anemia). 

Experiments now in progress are designed to ascertain whether these sera 
contain an antiglobulin component, since the individual whose cells were used 
for injection was on one occasion found to give a positive Coombs test. It has 
been determined that such an antiglobulin component does not affect the ag- 
glutination reactions against erythrocytes from patients with sickle-cell anemia, 
but its possible role against erythrocytes from sickle-cell trait is not yet clear. 

It would seem that erythrocytes with the sickling capacity possess an anti- 
genic substance that is not present in normal erythrocytes. Furthermore, this 
antigen is probably on the surface of erythrocytes from individuals with sickle- 
cell anemia, but in individuals with sickle-cell trait, the antigen may be some- 
how protected so that while it produces antibodies on injection, it usually does 
not itself react with the antibodies produced. 


125. FAMILIAL NEPHROGENIC OSTEOPATHY DUE TO EXCESSIVE 
TUBULAR REABSORPTION OF INORGANIC PHOSPHATE: A NEW 
SYNDROME AND A NOVEL MODE OF RELIEF 


R. W. ScHNEIDER, M.D., anp A. C. Corcoran, M. D., CLEVELAND, OHIO 


We report the familial occurrence of a rare form of “renal rickets” due to 
a hitherto unrecognized mechanism. 

Two brothers, aged 10 and 13 years, were admitted for orthopedic cor- 
rection of bilateral genu valgum. Roentgenologically, there was increased 
density of metaphyses around the knees, irregularity of epiphyseal lines and 
centers, and areas of rarefaction in the long bones and secapulae. Classical 
renal rickets was excluded by the findings of relatively normal renal function, 
as estimated from the intravenous urogram, urea clearance, absence of pro- 
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teinuria, and normal CO, combining power. Serum phosphate (P) averaged 
6 mg. per 100 e.c., serum Ca about 12, and alkaline phosphatase less than 1 
Bodansky unit. 

Osteotomies were done and showed little healing at two months. 


There was hyperealeuria and hyperphosphaturia. The latter was unaf- 
fected by changes in dietary P, and was only slightly increased by para- 
thormone. Addis tests showed decreased concentrating power and increased 
eylindruria. Renal blood flow, glomerular filtration rate, filtration fraction, 
and Tmpau lay at or below the lower limits of normal. 

It was postulated that the fundamental abnormality might be excessive 
renal tubular reabsorption of P. Basal P reabsorption was found to be about 
4 mg. P per min. per 1.73 sq. m., or 7 mg. per 130 ¢.c. of glomerular filtrate and 
Tmp at serum levels of 10 to 14 mg. P per 100 ¢.c., x ranged about 5 mg. per 
min. These compare with reported normal maxima of about 3.0 mg. per 
minute. 

It was unexpectedly observed that reabsorption of P was depressed after 
administration of PAH. Consequently, we studied the effect of “Benemid.” It 
was found to increase phosphaturia by depressing tubular reabsorption of P 
and, over four weeks, to restore serum P to normal. Hypercalcemia and hyper- 
ealeuria persisted, although serum alkaline phosphatase had definitely in- 
creased. 

The parents showed the following respective values for serum Ca, P, and 
alkaline phosphatase: 10.7 and 10.9; 4.4 and 4.6; and 2.0 and 1.8. The fa- 
ther’s brother and mother’s brother showed corresponding values of about 
9.5, 2.0, and 4.5. 

Thus, this rare form of “renal rickets” may be the homozygotic expres- 
sion of a hyperphosphatemic trait due to an abnormally high set of the renal 
tubular mechanism for reabsorption of P. This syndrome is associated with 
seeming secondary hyperparathyroidism and a mild depression of renal ex- 
eretory function consequent on hypercaleuria. This may be a pathogenetic 
mechanism of some of the idiopathic nephrocalcinoses. ‘Benemid” was found 
to depress the excessive tubular reabsorption of P, and may ultimately relieve 
some of the secondary manifestations. 


126. ACETYLCHOLINE AND CHOLINESTERASE IN THE BLOOD OF 
PATIENTS SUFFERING WITH BRONCHIAL ASTHMA 


Haroitp H. Scupamorg, M.D. (By Invitation), Louis J. VorHaus II, M.D. 
(By INVITATION), AND RoBert M. Karx, M.D., Cuicago, IL. 


One hypothesis which has been advanced to explain the pathologic physiol- 
ogy of bronchial asthma suggests that an imbalance of the autonomic nervous 
system may play an important role. This imbalance might consist of an in- 
creased amount of acetylcholine at the end organs, or a disturbance in the 
cholinesterase enzyme system. Much indirect evidence has been accumulated 
to indicate the importance of acetylcholine in asthma, but excessive amounts 
of this substance have never been demonstrated in the blood or tissues of 
asthmatic patients. This communication reports observations on both serum 
acetylcholine levels and cholinesterase activity of the plasma and erythrocytes 
in healthy individuals and in patients ill with asthma. Acetylcholine deter- 
minations were made using the isolated clam heart technique; serum and 
erythrocyte cholinesterase determinations, according to the potentiometric 
method of Michel. 
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The results of the acetylcholine determinations, performed on eight pa- 
tients, including two patients in acute asthmatic attack, when compared with 
the determinations performed on fourteen healthy adults, showed that one- 
half of the asthmatics had levels above the upper range of normal, and the re- 
mainder were high normal levels. All were above twice the normal mean. The 
difference between the means of the healthy group and the asthmatics was sta- 
tistically significant. The results of the serum and erythrocyte cholinesterase 
determinations revealed no significant differences between fourteen asthmatic 
patients and fourteen healthy individuals. 


It is concluded that, while obviously many factors operate in the produe- 
tion of asthma, the release or accumulation of acetylcholine may play a sig- 
nificant role in the development of bronchial asthma. Serum or erythrocyte 
cholinesterase, on the other hand, apparently plays no roie in this condition. 


127. CLINICAL AND METABOLIC EFFECTS OF PITUITARY ADRENO- 
CORTICOTROPIC AND THYROTROPIC HORMONES ON A PATIENT 
WITH SHEEHAN’S SYNDROME 


Urosu L. Serrer, M.D. (By Invitation), FrRepEric A. Lestina, M.D. (By 
INVITATION), AND SMITH FREEMAN, M.D., Pu.D., Cutcago, ILL. 


A housewife, 32 years of age, with a history of postpartum shock and sub- 
sequent development of multiglandular failure, has required frequent hos- 
pitalizations for the treatment of circulatory insufficiency and coma. The 
findings upon hospitalization were as follows: height 5 feet, 3 inches, weight 
117 pounds, blood pressure 68/40, skin dry and cold, with multiple areas of 
pigmentation. There was a complete absence of axillary and pubic hair, and 
that on the head was dry and coarse. Breast, vulva, and vagina were atrophic. 
The cervix was infantile, and the uterus hardly palpable. Laboratory studies 
revealed the following abnormalities: hyperchloremia, hypercholesterolemia, 
low basal metabolism, low fasting blood sugar and flat intravenous glucose tol- 
erance curve, and a low neutral 17-ketosteroid excretion in the urine. The 
serum sodium, potassium, carbon dioxide combining power, nonprotein nitro- 
gen, calcium, inorganic phosphorus, alkaline phosphatase, and uric acid were 
all within normal limits. 


The administration of ACTH in doses ranging from 200 to 20 mg. per day 
brought about striking changes in the patient. The blood pressure and fasting 
blood sugar rose toward normal. The urine output was increased, and there 
were alterations in the urinary excretion of electrolytes and nitrogen com- 
pounds including amino acids. Neutral 17-ketosteroid excretion rose to values 
above the normal range. There was but little change in the radioactive iodine 
uptake by the thyroid gland or in the basal metabolism rate or serum choles- 
terol until thyrotropic hormone was administered. When ACTH and thyro- 
tropic hormone were discontinued, the patient rapidly reverted to her previous 
condition of hypotension with intolerance to cold and stress. Symptoms reap- 
peared when the dosage of ACTH was reduced to 20 mg. daily. During a sec- 
ond period of study the above findings and effects have been verified and ex- 
tended. An attempt is being made to determine the minimal adequate re- 
placement therapy for this patient. 
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128. THE EFFECT OF OUABAIN UPON THE CIRCULATORY DYNAMICS 
OF A PATIENT WITH NONSPECIFIC MYOCARDITIS 


Louis A. SELVERSTONE, M.D., Cuicago, ILu., JAMES A. CAMPBELL, M.D., CHICAGO, 
ILu., OGLESBY Pau, M.D., Cuicaco, Iuu., DANtEL L. Donovan, M.D., ATLANTA, 
GA., AND GORDON VAwTER, M.D., Cuicaao, ILL. 


(INTRODUCED By S. Howarp ARMSTRONG, JR., M.D.) 


Considerable controversy exists in the clinical literature concerning the 
therapeutic value of digitalization in acute myocarditis. Since nonspecific myo- 
carditis is infrequent, and the diagnosis is difficult to establish before death, 
objective data have hitherto been secant. 

The patient was a 31-year-old Negro woman who had developed severe 
heart failure during the year prior to study, with dyspnea, orthopnea, edema, 
and precordial distress unrelated to exertion. There was no rheumatic history. 
Response to therapy was inadequate. 

On examination, cardiac failure was evidenced by distended neck veins, 
an enlarged liver, and edema. Her heart was grossly enlarged, with a soft 
pulmonie systolic murmur and a protodiastolic gallop rhythm. The blood pres- 
sure varied between 125/80 and 150/120, but was usually within the normal 
range. Fluoroscopy showed enlargement of both the right and left ventricles. 
Electrocardiograms revealed abnormal nonspecific changes. Other laboratory 
studies were inconclusive. 

Cardiae catheterization was performed and physiologic measurements 
were made at rest and with exercise. Ouabain (0.5 mg.) was administered, and 
repeated observations were made during the following ninety minutes. The 
cardiac index remained fixed at about 2.0 liters/meters?/minute, and did not 
increase during exercise, either prior to or following the ouabain; patients with 
failure caused by hypertensive or arteriosclerotic heart disease have shown 
significant increases in cardiac output after ouabain within similar periods of 
observation. The cardiac rate, however, slowed from 109 to 81 during this 
time. Right auricular pressure was mildly elevated at rest and rose markedly 
with exercise both before and after digitalization. Arterial pressure showed 
a pressor response to ouabain. 

Approximately one month later the patient died suddenly. At autopsy her 
heart weighed 500 grams, was flabby, and microscopically showed an unusual 
acute and chronic focal nonspecific myocarditis without valvular damage or 
evidence of hypertensive or coronary disease. 

Hence, in this case of nonspecific myocarditis, objective studies have 
demonstrated that ouabain did not increase the cardiac output, although the 
patient was in severe heart failure of the low output type. 
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129. RECOGNITION OF ASYMPTOMATIC ARRHYTHMIAS DURING 
CARDIAC CATHETERIZATION BY MEANS OF A CATHODE RAY 
OSCILLOSCOPE, WITH REPORT OF FOUR CASES 


Louis A. SELVERSTONE, M.D., Cutcaco, Iuu., Don L. Fisuer, M.D., Cuicaco, ILt., 
DanteEL L. Donovan, M.D., ATLANTA, GA., AND JAMES A. CAMPBELL, M.D., 
CuicaGo, IL. 


(INTRODUCED By S. Howarp ARMSTRONG, JR., M.D.) 


The high incidence of arrhythmias during cardiac catheterization is well 
known. These conduction difficulties usually declare themselves by easily ob- 
served changes in the heart rate or rhythm and may be accompanied by sub- 
jective symptoms of varying degree in the unanesthetized patient. However, 
some conduction difficulties of potentially serious nature may occur without 
these changes. To minimize the hazards of cardiac catheterization, continuous 
observation of the electrocardiographic complexes throughout the entire pro- 
cedure is essential. 


Since studies in our laboratory are often of considerable duration, pro- 
longed recording on a direct-writing electrocardiogram was found to be in- 
convenient and impractical. Accordingly, the following method was devised. 
The amplifier output terminals of a direct-writing electrocardiograph (Sanborn 
Viso-cardiette) were connected by a shielded cable and panel jacks to the verti- 
cal deflection plates of a slow-sweep oscilloscope. By this means each electro- 
cardiographie complex could be monitored by any member of the catheteriza- 
tion team, even during fluoroscopy. Since the oscilloscope draws no current 
from the electrocardiograph, permanent direct recordings could also be made 
simultaneously whenever indicated. 


Employing this method in 100 consecutive cardiae catheterizations, four 
eases of abnormally prolonged intraventricular conduction were detected. 
These were totally asymptomatic and might easily have escaped recognition 
without this or a similar method of continuous observation. Three of these 
patients showed a sudden development of frank right bundle branch block and 
one showed an unusual conduction difficulty similar to Wolff-Parkinson-White 
phenomenon. All of these reverted to normal conduction spontaneously, with 
no specific therapy other than rapid termination of the procedure. Perma- 
nent records of these changes were obtained. In two eases, despite the conduc- 
tion abnormalits, wWraiai- values for cardiae output and intracardiac and pul- 
monary arterial pressures were obtained. 


130. ENZYME STUDIES ON THE THROMBOPLASTIC PLASMA 
COMPONENT IN HEMOPHILIA 
(ENZYME STUDIES ON HUMAN BLOOD XII) 


GEORGE Y. SHINOWARA, PH.D., CoLUMBUS, OHIO 
(INTRODUCED BY E. vON HAAm) 


The isolation and the properties of thromboplastie cell component (T.C.C.) 
and of thromboplastic plasma component (T.P.C.) were reported in a previous 
communication. The former (T.C.C.) is in the sediment obtained by centrifuga- 
tion of blood cells at 32,000 x G. The latter (T.P.C.) is the nonelottable sub- 
fraction of Fraction I. Individually, neither of these factors convert prothrom- 
bin to thrombin; together, they have true thromboplastie activity. 
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The present report represents quantitative data on the blood of twelve 
individuals previously diagnosed as hemophilies on the basis of prolonged clot- 
ting time, hemorrhagic symptoms, and familial history. The thromboplastin 
content and fibrinogen levels of the blood were obtained from Fraction I in 4 
ml. of each patient’s plasma. Prothrombin values found by the new homolo- 
gous isolation procedure and data on the thromboplastic cell component are 
presented. 


131. A COMPARISON OF RENAL FUNCTION WITH URINARY 
ANTIDIURETIC ACTIVITY IN CIRRHOSIS OF THE 
LIVER WITH ASCITES 


J. L. Stus, M.D., Mapison, Wis. 
(INTRODUCED BY Wm. S. Mipp.Leton, M.D.) 


During studies of the mechanism of fluid retention in cirrhosis it seemed 
desirable to explore the relation between renal function, ascites, and the uri- 
nary antidiuretic activity. Findings in fifteen cirrhotic patients with ascites 
requiring paracentesis were compared with those in physically normal patients 
and in patients with liver disease (cirrhosis, sarcoid, carcinomatosis) without 
ascites. ADS assay followed the method of Ham and Landis. Blood levels 
and urinary excretion of chloride, and in some instances of sodium, were deter- 
mined during the assay period. Glomerular filtration and renal plasma flow 
were estimated by means of mannitol and para-amino hippurate clearance, de- 
termined at the end of the assay collection to avoid the influence of the man- 
nitol infusion as an osmotie diuretic. 

Behavior of those patients with nonascitic liver disease was generally 
similar to that of the normal subjects. Urinary ADS was increased in none of 
them, and renal function studies fell within the range of normal in all. In those 
with ascites, renal plasma flow and glomerular filtration were within a normal 
range in nine, and moderately reduced in six. When decreased, the changes in 
plasma flow and filtration rate were of similar degree. Chloride and sodium 
excretion were below normal in all measurements in ascitic patients. 

In one patient, despite persistent marked ascites, urinary ADS was not 
increased. In the other fourteen, increased levels were demonstrated, as re- 
ported by Ralli and co-workers (1945). The degree of increase varied con- 
siderably, and could not be correlated with the reduction in renal clearances, 
the severity of the ascites or liver disease, nor the reduction in electrolyte ex- 
cretion. These studies do not indicate that the ADS is not of importance in 
the production of ascites in cirrhosis, but rather that its excretion cannot be 
correlated with the factors evaluated. 


132. DAILY VARIATION IN SERUM DIASTASE 


A. J. Sommer, M.D. (By Invitation), M. E. Westiey, M.D. (By INviTation), 
Wo. Knieut, Jr., M.D. (By INviTaTION), AND R. O. MuETHER, M.D., 
St. Louris, Mo. 


The increasing interest in serum diastase as a diagnostic aid emphasizes 
the need for a clear understanding of the normal variation from day to day. 
If the diastatie activity of the serum is found to be relatively constant, then 
credence may be placed in slight *ariations. 
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The following study was undertaken to determine the day-to-day vari- 
ation of serum diastase. The Somogyi method was used. 

Twenty-one normal individuals, 20 to 35 years of age, volunteered for the 
study. They were bled at 11 a.m. on alternate days for thirty days, and the 
serum diastase was determined. There was no limitation of activity or diet. 


Results—The results which will be given in some detail may be sum- 
marized as follows. The highest serum diastase was 150 units, the lowest was 
65 units. The maximum variation was 57 units. 

A variation greater than 25 units was found in but four individuals. 

A second group, consisting of twenty-five hospitalized patients, 22 to 71 
years of age, with a variety of chronic diseases, was followed in a similar man- 
ner. 

The lowest serum diastase in this group was 55 units (except for one 
diabetic patient whose serum diastases were always 25 units or less) and the 
highest was 188 units. The maximum variation was 57 units. 

In this group the serum diastase was more labile than in the normal group, 
but an increase of more than 50 units was unusual. 

The greatest variations were found in patients with hypertensive vascu- 
lar disease. Nine of twelve such patients showed a maximum variation of 
more than 25 units while only two of thirteen patients having other types of 
disease showed a maximum variation of 25 units or more. 


Summary.—tThe serum diastase is found to be remarkably constant from 
day-to-day in healthy people and it would seem that increase in diastase 
activity of more than 25 units must be considered significant. 

The underlying mechanism causing moderate variations in serum diastase 
requires further study. 


133. ELECTROPHORETIC STUDIES OF PLASMA PROTEINS 
IN ULCERATIVE COLITIS 


M. A. SpELLBERG, M.D., W. D. Mostman, M.D., anv L. C. Smiru, Pu.D., 
HtNes, ILL. 





(INTRODUCED BY Rospert W. KEETON, M.D.) 


Electrophoretic determinations of plasma proteins were done on twelve 
patients with ulcerative colitis and three with regional enteritis. 

The following deviations from the normal were noted: a decrease in 
albumin, increase in the alpha globulins, and occasional increases in gamma 
globulin and fibrinogen. The decrease of the albumin fraction was related to 
the severity of the disease. This fraction returned to normal during remissions. 
The alpha globulin fraction elevation persisted in all stages of the disease as 
well as during remissions. This abnormality appears to be of fundamental im- 
portance since it was not dependent upon weight loss, malnutrition, loss of pro- 
tein from the bowel, or inflammation. 

The electrophoretic studies were correlated with the clinical course of the 
patient, liver function tests, and other laboratory tests. Two patients had 
these studies done before and during cortisone therapy. 
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134. FURTHER STUDIES ON THE RELATIONSHIP OF ELEVATED 
RENAL VENOUS PRESSURE TO EDEMA FORMATION AND 
RENAL CLEARANCES OF SODIUM IN DOGS 


J. StamMuer, M.D. (By Invitation), H. Gotpperc, M.D. (By Invitation), 
A. Gorpon, M.D. (By Invitation), M. WEINSHEL, M.D. (By Invitation), 
L. RuBENSTEIN, M.D. (By Invitation), aNp L. N. Katz, M.D., Cutcaco, IL. 


Last year we presented data before this Society on mechanisms of edema 
formation in chronie experimental pericarditis with effusion in dogs (Fishman, 
A. P., Stamler, J., Katz, L. N., Rubenstein, L., Miller, A. J., and Silber, E. N., 
Proc. Central Soc. Clin. Research 22: 26, 1949; J. Clin. Investigation 29: 521, 
1950). Our findings indicated that early in this experimental syndrome ele- 
vated central and renal venous pressure (RVP) may be accompanied by im- 
paired ability to exerete an intravenous hypertonic NaCl load, despite normal 
resting cardiae output, renal plasma flow (RPF), glomerular filtration rate 
(GFR), and blood pressure. 

In an effort to analyze the mechanism of this phenomenon, we recently 
studied the effect of chronic elevation of RVP, without increase in central 
venous pressure, on RPI’, GFR, and sodium excretion in dogs (Hwang, W., 
Akman, L. C., Miller, A. J., Silber, E. N., Stamler, J., and Katz, L. N., Am. J. 
Physiol., in press). The sustained RVP rise was effected by constricting the 
inferior vena cava (IVC) just above the renal veins. Four days postopera- 
tively, RPF, GFR, and sodium excretory capacity were all reduced. Despite 
continued elevation of RVP, these functions returned to control levels by the 
eighth postoperative day. No edema formation was noted. It was concluded 
that no simple cause and effect relationship exists between chronic RVP ele- 
vation and sodium excretion in dogs. 

In the present experiments, chronic elevation of RVP was produced by 
partial IVC constriction above the hepatic vein. This procedure, unlike con- 
striction of the IVC above the renal veins, induced ascites. The two procedures 
effected similar chronic increments in RVP and a similar initial pattern of renal 
funetion. Subsequently, however, RPF, GFR, and sodium excretion did not 
return to normal in dogs with IVC constriction above the hepatie vein. With 
progressive development of ascites, these animals lost the capacity to respond 
with a diuresis to an intravenous hypertonic saline load. Administered saline 
was chronically retained. Although GFR tended latterly to return to normal, 
both the per cent excretion in the urine of sodium filtered across the glomeruli 
and the sodium excretory rate remained severely depressed. 

These studies indicate that central venous pressure elevation principally 
influences renal function indirectly. In the face of a chronic central VP rise 
leading to transudation of fluid from the vascular bed, renal funetion—par- 
ticularly tubular reabsorption of electrolytes and water—is concomitantly 
altered. This chronic change in renal function occurs not in response to the 
RVP rise but to the over-all changes in the circulation and in the body fluid 
compartments. 
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135. INFLUENCE OF MINERAL OIL INGESTION ON THE 
PLASMA VITAMIN A LEVEL 


FREDERICK STEIGMANN, M.D., Hans Popprr, M.D., Hattm Dyniewicz, Pu.D. 
(By INVITATION), AND IRENE M. GoupBerc, B.S. (By INviTaTIon), 
CuicaGo, ILL. 


The influence of mineral oil ingestion upon vitamin A absorption is still 
controversial. 

Fifty patients suffering from diseases without known influence upon vita- 
min A metabolism were put on diets containing 1,500, 2,500, and 3,000 I.U. of 
vitamin A for four weeks during which time the plasma vitamin A level was 
determined twice weekly. A daily intake of 2,500 I.U. was found to produce 
a constant plasma vitamin A level. Subsequently mineral oil was given for 
three to four weeks to these patients in variable doses and at different times of 
the day. 

The daily ingestion of 1 ounce of mineral oil at noontime by eighteen pa- 
tients or of 1 teaspoon of mineral oil with each meal three times daily by four- 
teen patients caused a progressive drop in the plasma vitamin A level (in the 
average) from 47 to 37 and from 438 to 37 mg. per 100 ¢.c. respectively in four 
weeks. The ingestion of 1 ounce of mineral oil at bedtime (several hours after 
mealtime) by ten patients or of one-half teaspoon with each meal three times 
daily by eleven patients caused no change in the plasma vitamin A level dur- 
ing the observation periods of four weeks. 

These results indicate that the influence of mineral oil on the plasma 
vitamin A level depends on (a) the amount of mineral oil given and (b) the 
time the mineral oil is taken. 


136. A COMPARISON OF LIPOTROPIC SUBSTANCES IN THE 
TREATMENT OF LAENNEC’S CIRRHOSIS 


Epwin W. Stevens, M.D. (By INvitaTIoN), FREDERICK STEIGMANN, M.D., 
Rosert GotpBLoom, M.D.(By Invitation), AND LEONARD Lewis, B.A. (By 
INVITATION), CHICAGO, ILL. 


Various lipotropie substances have been used in the treatment of cirrhosis 
of the liver during the past decade. The reports on the efficacy of these sub- 
stances have been uniformly good, although at present some doubt the need 
for them when a high-protein diet is used. 

In this report a comparison is made of the efficacy of individual lipotropic 
substances, and of the results of therapy with and without these agents. 

Patients with Laénnee’s cirrhosis who did not improve during four to six 
weeks on an intensive present-day liver management were put on one of the 
lipotropie substances to be discussed. Their clinical course and the laboratory 
results while on these substances were closely observed and compared with 
their course preceding lipotropie therapy and with that of other patients not 
on such therapy. 

One hundred and twelve cases were studied during the past nine years. 
The following were used. Choline alone, 3 Gm. daily; choline and cystine, 
3 Gm. of each; whole liver tablets, 6 Gm.; tablets of gastric mucosa, 6 Gm.; 
methionine, 3 Gm.; Methischol, 9 capsules; and Intraheptol (75 ¢.e. in divided 
doses during a ten-day period). 

An average of 80 per cent of the patients treated with one of the lipotropic 
substances recovered sufficiently to leave the hospital as compared with only 
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61 per cent of similar patients treated without the latter. The discharge per- 
centage in the groups in different lipotropic substances did not vary signifi- 
cantly. 

Observation of some of the discharged patients in the out-patient clinic 
for periods of from two months to nine years also seems to demonstrate little 
difference in the late therapeutic results of the various lipotropie substances 
used. The slight variations in the initial as well as later therapeutic results 
with the various lipotropie agents might be explained partly by differences in 
the initial objective findings—jaundice, ascites, ete.—in the patients of the 
various groups. Essentially it appeared that better results were obtained in 
the cirrhotic patients who were on lipotropic substances than in those who were 
only on a high-protein regimen. 





137. COMPARATIVE ANALYSIS OF THE EFFECT OF 
IYDROGENATED ERGOT ALKALOIDS UPON THE PRESSO- 
AND CHEMORECEPTIVE REFLEXES IN THE CAT 


GEORGE C. Sutton, M.D., Evanston, ILuL., AND AURELIO CERLETTI, M.D., AND 
Ernst Roruuin, M.D., Base, SwItZzERLAND 


(INTRODUCED BY GEORGE C. TURNBULL, M.D.) 


Substantial evidence exists that ergotamine possesses the property of in- 
hibiting certain cardiovascular reflexes, especially those originating from the 
pressor receptive cells of the carotid sinus. The hydrogenation of one of the 
five reducible bonds of the lysergic acid portion of ergot alkaloids has re- 
sulted in four derviatives (dihydroergotamine DHE-45, dihydroergocristine 
DCS-90, dihydroergokryptine DHK-135, and dihydroergocornine DHO-180). 
Some of these dihydrogenated derivatives possess marked sympathicolitic 
effects and may possess therapeutic importance. There has been no study of 
the cardiovascular reflex inhibitory properties of these derivatives and accord- 
ingly the present investigation was undertaken. 

Cats anesthetized with chloralose and urethane were employed. A com- 
parative analysis was made of the effect of ergotamine and the four dihydro- 
genated compounds upon the blood pressure, heart rate and respiratory re- 
sponse to (1) simultaneous bilateral carotid clamping, (2) hypoxemia, (3) 
adrenaline, and (4) |-nor-adrenaline intravenous injection. The dosages em- 
ployed were based upon the point of view that alterations in the reflex activity 
produced by subadrenolytie doses of ergot compounds are most probably due 
to a selective central nervous system action, not due to peripheral inhibition. 

On such a basis of inhibition of reflex pressor response to stimulation of the 
carotid sinus stretch reflex without adrenaline inhibition, it was found that the 
compounds varied markedly in this property. Dihydroergocristine DCS-90 
was found to be strongly effective in doses of 2.5 mg. per kilogram, and to 
exert a more prolonged effect than ergotamine. Dihydroergotamine DHE-45 
completely lacked the property while DHK-135, CCK (Equi-parts mixture of 
DCS-90, DHK-135, and DHO-180), and DHO-180 were intermediate in activity. 
None of the substances tested inhibited the chemoreceptor reflexes responses 
to hypoxemia or to intravenous KCN. 

Emphasis is drawn to the fact that dihydrogenation of the ergot alkaloids 
may result in marked changes (either increase or decrease) in cardiovascular 
reflex inhibiting properties. Such changes may be of clinical or experimental 
ralue in the case of DCS-90 which possesses marked carotid sinus stretch re- 
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flex inhibiting properties. In addition the basis for the use of these substances 
in the therapy of hypertension may be dependent upon such central nervous 
system actions. 


138. THE ACTIONS OF L-NOR-EPINEPHRINE UPON 
HUMAN BEINGS 


tEORGE ©. SuTTON, M.D., Evanston, ILu., ARNOLD KAppERT, M.D., BERNE, 
SWITZERLAND, AND ATTILIO REALE, M.D., Rome, ITALY 


(INTRODUCED BY GEORGE C. TURNBULL, M.D.) 


Nor-epinephrine, a primary amine possessing sympathomimetic properties 
is very similar to sympathin E of Cannon and Rosenblueth. The marked pres- 
sor effect of this substance, especially the laevo isomer, makes it of interest 
for possible clinical use. On this basis an investigation of seven of its actions 
upon normal healthy young human beings was made. Following a thirty- to 
sixty-minute rest period, during which time control levels of blood pressure, 
heart rate, and skin temperature were established, an infusion of 1-nor-epi- 
nephrine in dosage of 0.007 to 0.02 mg. per minute over periods of five to thirty 
minutes was administered. 

The following studies were then made: (1) effect upon heart rate, blood 
pressure, and skin temperature and the modifications produced by TEAC, 
atropine, and dihydrogenated ergot alkaloids, (2) alterations produced in the 
electrocardiogram, (3) effect on the large vein hematocrit and circulating 
corpuscular volume (P**) technique, (4) changes in metabolism as reflected by 
oxygen consumption and serial blood sugar determinations. 

The results indicated that ]-nor-epinephrine in such a dosage had a rapid, 
marked vasoconstrictor effect and subsequent elevation of systolic and diastolic 
blood pressure accompanied by bradyeardia. TEAC enhanced the pressure and 
suppressed the bradycardia. Atropine blocked the bradycardia while ergot 
alkaloids blocked the vasoconstrictor action. Electrocardiographie changes 
consisted of bradyeardia, flattened P waves, prolonged P-Q interval and in- 
erease of R and T. The large vein hematocrit was elevated but there was no 
increase in the corpuscular volume and, finally, I-nor-epinephrine produced 
negligible changes in the oxygen and glucose metabolism. 

From the therapeutic point of view, therefore, ]-nor-epinephrine appears 
to be of value in shock conditions, since it produces elevation of both systolic 
and diastolic pressure without direct cardiae stimulation, without gluconeo- 
genesis or increased oxygen metabolism, and since its pressor effects are easily 
controlled. The peripheral vasoconstrictor effects are equivalent to with- 
drawal of a portion of plasma from active circulation, however, and may con- 
traindicate its use in oligemie shock. 


139. THE EFFECT OF ACTH ON TUBULAR REABSORPTION 
OF SODIUM AND POTASSIUM 


WILuiAM P. SwisHer, M.D., AARON B. KENprICK, PH.D., AND JAMES A. 
SCHOENBERGER, M.D., Cuicaaco, Iu. 


(INTRODUCED BY RoBpert W. KEETON, M.D.) 


The tubular reabsorption of sodium and potassium was studied on seven 
patients before and during adrenocorticotrophiec hormone, ACTH, therapy. 
Six patients received 100 mg. ACTH daily for three days. The renal test was 
made three to four hours after the last injection. In one case 400 mg. ACTH 
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were given for a longer period of time prior to the renal test. During the renal 
study the blood glucose was raised above 600 mg. per cent for its diuretic effect 
and to insure a maximal amount of electrolyte and water for distal tubular 
reabsorption. This was done to detect any differential action on the distal 
tubule since selective tubular reabsorption is said to occur at this site. 

At normal glucose levels tubular sodium reabsorption increased 12.4 per 
cent with ACTH. At high blood sugar levels sodium reabsorption increased 
13.35 per cent. This increased reabsorption in both eases is due largely to the 
increased amount of filtrate delivered to the tubules during ACTH therapy for 
the per cent of the load that was reabsorbed remained fairly constant. 

At normal glucose levels tubular potassium reabsorption did not show any 
definite trend during administration of 100 mg. ACTH per day. In one patient 
who received 400 mg. ACTH per day the per cent of the load reabsorbed 
dropped from 84 per cent to 64 per cent. At high blood glucose levels when 
100 mg. ACTH was given the per cent of the load reabsorbed dropped on an 
average from 88 per cent to 80 per cent. In the individual who received 400 
mg. of ACTH per day a drop in the percentage of the load reabsorbed from 
78.1 to 57.2 per cent was observed. This decrease in potassium reabsorption 
seems to be a specific action of ACTH and since the decrease in reabsorption 
was more evident during glucose diuresis when the distal tubules were given a 
maximal load, some of the action of ACTH would seem to be on the distal 
tubules. 

At high blood glucose levels during ACTH therapy the serum potassium 
dropped 12 per cent and in some instances dropped to as low as 2.8 meq. per 
liter. 

This work indicates that under the conditions of the experiment the ACTH 
effect on tubular reabsorption of sodium seems to be largely a function of the 
glomerular filtration rate; the greater the load, the greater the tubular reab- 
sorption of sodium. The tubular reabsorption of potassium seems to be af- 
fected directly by the dose of ACTH and this is accentuated at high blood 
glucose levels when there is adequate fluid and electrolyte delivered to the 
distal tubules. This work also indicates that there is danger of hypopotassemia 
in patients receiving ACTH who might have a diuresis due to intravenous fluids. 


140. TREATMENT OF THE NEPHROTIC SYNDROME WITH 
NITROGEN MUSTARD 


Rospert D. Tayuor, M.D., A. C. Corcoran, M.D., AaNp IRVINE H. Paces, M.D., 
CLEVELAND, OHIO 


Treatment of glomerulonephritis with nitrogen mustard was first attempted 
by Goldring and Chasis, who assumed that the depressant effect of nitrogen 
mustard on the reticuloendothelial system might interfere with the antigen- 
antibody mechanism presumed to underlie this disease. 

Our efforts were particularly directed toward treatment of the nephrotic 
syndrome, since Goldring and Chasis noted recession of edema as one of the 
more favorable outcomes of their study. 

We have treated ten patients (2 to 69 years of age), seven of whom had 
chronic glomerulonephritis, two the subacute or prolonged acute phases of 
glomerulonephritis, and one amyloid nephrosis. Nitrogen mustard was given 
by intravenous injection, 0.1 mg. per kilogram actual body weight for each of 
four successive days. Courses were repeated after ten or more days as was 
determined by recovery of hematopoiesis and the course of the disease. Two, 
three, and four courses were given in three patients and, in two who later 
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relapsed, further courses were given after a lapse of months. Multiple courses 
were recommended in five of the eight glomerulonephritie patients with edema. 

The edema of three patients receded after the first course; three were 
given repeated courses and in two edema disappeared after the final course. 
Two patients who had shown considerable release of edema from a first course 
refused further treatment. One patient proved refractory to four courses and 
died during subsequent treatment with ACTH. 

Two patients, including the one with amyloid nephrosis, were treated 
with the aim of depressing proteinuria. There was no response in the amyloid 
nephrosis, but a transitory (two-day) depression of proteinuria occurred in 
the patient with glomerulonephritis. In seven patients who showed complete 
or partial loss of edema, proteinuria has persisted at decreased levels for sev- 
eral months in five and has disappeared in two. Three of these seven show 
great increases in plasma albumin content and slight increases occurred in two. 
Follow-up periods range from one to nine months. 

Urea clearance was not greatly affected in most although changes were in 
the direction of improvement. One patient with severe depression of this 
function succumbed in uremia some months after treatment. 

Thus, nitrogen mustard seems to be a practical, relatively inexpensive 
means of relieving edema in the nephrotic syndrome. Although seeming 
“eures” were obtained in two patients, the effect on other manifestations of 
glomerulonephritis is not as dramatic. It is apparently ineffetcive in amyloid 
nephrosis. 


141. EFFECT OF ACTH AND CORTISONE ON ADVANCED 
MALIGNANT DISEASE 


SAMUEL G. Taytor III, M.D., Linpsay Baskertr, M.D. (By INviTaTIon), AND 
JoHN P. Ayer, M.D. (By Invitation), CuicaGo, IL. 


Twenty-eight (28) patients with far-advanced malignant disease were 
treated with ACTH and cortisone. Clinical and pathologie changes occurring 
during therapy were observed. Control of fever, pain, and vomiting, improved 
liver function, albumin/globulin ratio, feeling of well-being, and decreased 
sedimentation rate were frequently observed. 

No patient with carcinoma showed any reduction in the size or change in 
the cytology of the tumor. Three patients with Hodgkin’s disease, five with 
lymphosarcoma, one with chronic lymphatic leucemia, and one with acute 
leucemia showed major reduction in the neoplastic lesions. Withdrawal of 
therapy was usually associated with growth of the tumor. 

Physiologie alterations produced by ACTH and cortisone resulted in side 
effects necessitating omission of therapy. Electrolytic disturbances, increased 
pigmentation, depressed glucose tolerance, psychic changes, acne, hirsutism, 
and Cushing’s syndrome developed in several patients. 

Augmentation of tumor growth appeared to occur in three of four pa- 
tients with carcinoma of the breast during ACTH therapy. 

Autopsies were obtained on six patients after prolonged ACTH or corti- 
sone therapy. 
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142. THE LOCALIZATION OF INTRACRANIAL NEOPLASMS WITH 
RADIOACTIVE DITODOFLUORESCEIN 


GerorRGE E. THoma, M.D., anp Ropert D. Wootsry, M.D., St. Louis, Mo. 
(INTRODUCED By RaLpH A. KINSELLA, M.D.) 


Working with the established fact that the organic dye, diiodofluorescein, is 
absorbed and concentrated in a consistent and predictable manner in tumors 
of the central nervous system, it has been possible to localize a large number of 
brain tumors. By using diiodofluorescein, which is made radioactive by the 
incorporation of radio-iodine (I'*!) in its synthesis, it has been possible to detect 
areas of increased dye absorption in the brain by means of external survey with 
a Geiger counter. 

The equipment needed for this localization is relatively simple, consisting 
only of an end-window Geiger-Miiller tube, counting rate meter, and ammeter- 
type graphic recorder. 

After the intravenous injection of that amount of diiodofluorescein contain- 
ing 1.1 me. of radioactive iodine (I'*'), a systematic survey of the concentration 
of radioactivity over standard positions of the skull is begun. Thirty-two areas, 
consisting of fourteen bilateral and six midline areas, are routinely examined. 
The time for each determination depends upon the length of time needed for 
the counting rate to become stabilized with a consequent plateau on the graphic 
record. 

The localization depends on differences in counting rates between contra- 
lateral sides, and the size of the tumor ean be estimated by outlining on graphs 
those areas of increased activity. It is theorized that those tumors with the 
ereatest vascularity have the highest uptake of dye and, consequently, the high- 
est counting rates. 

A series of forty-two patients has been examined to date. Of these, twenty- 
four had normal records; there was no evidence of tumor by other methods of 
examination. There was a total of seventeen positive records. Of these, the 
tumor was correctly localized as proved by craniotomy or autopsy in nine eases. 
Six suspected tumors were localized but have not as vet been proved. In only 
one case the tumor was not localized by our method, but was found at operation. 


148. THE BIOLOGIC DECAY PERIODS OF CHLORIDE IN MAN WITT 
THE USE OF LONG-LIFE CL*® AS THE TRACER 


Sam THREEFOOT, M.D. (By Invitation), THORPE Ray, M.D. (By INviTATION), 
GEORGE E. Burcu, M.D., Aanp JAMES Cronvicu, M.S. (By INvITaATIon), 
New ORLEANS, LA. 


Biologie decay periods of chloride were not measurable directly in man until 
recently, when radiochloride, Cl**, with a long half-life (tl = 2 x 10° years) 
beeame available. Sufficient quantity was obtained to administer intravenously 
NaCl** (107 CPM or = 50 ue) in water to three adult female subjects (one con- 
trol and two patients with chronie congestive heart failure). 

By collecting many samples at short intervals, data were obtained coneern- 
ing the immediate concentration-time course of chloride in serum and urine and 
made possible an estimation of the rate of exchange of chloride across the vascu- 
lar walls, defined for the control subject by the multiple exponential equation: 


Cp = 10,600 e -24%t + 935e -0.3097t 4 QGQe -0-00137t 
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By collecting samples of blood daily and the urine, stool, vomitus, pleural 
fluid and other biologie fluids separately as passed or withdrawn, the biologic 
decay periods were determined. After. equilibrium of distribution had been 
reached, the serum concentration fell to one-half (C14) in 15 days in the con- 
trol subject, 19.5 days in a subject with mild congestive heart failure, and 45 
days in a subject with severe congestive heart failure. 

One-half the injected Cl*° was recovered from the urine (U4) and also from 
all routes of elimination (E14) in 17 and 16 days respectively for the control 
subject, 43 and 38 days for the subject in mild failure, and 169 and 65 days for 
the subject in severe failure. The total percentages of injected Cl°* recovered 
were 96, 69, and 48 per cent respectively. 

From the theoretic considerations of turnover rates and the influence of 
compartment size presented in previous studies with Na?? in man and Cl*® in 
dogs, it was found that the biologic decay rates behaved according to expecta- 
tions and previous estimations. 

Intake of sodium chloride, bromide, potassium, and drugs (mercurial diu- 
retics, desoxycorticosterone acetate, catharties) and variations in the state of 
failure were found to influence the biologie decay rates of chloride. The sig- 
nificance of these observations in the understanding of electrolyte balance in 
normal and diseased states and in atomic warfare is evident. 


144. THE DIAGNOSTIC SIGNIFICANCE OF ELECTROPHORETIC 
SERUM PROTEIN FRACTIONS IN HEPATO-BILIARY DISEASES 


Yukio TsuMAGARI, M.D. (By Invitation), HANS Porrer, M.D., Cuicago, ILL., 
Wituiam B. Bean, M.D., Iowa City, Iowa, Murray FRANKLIN, M.D., 
Iowa City, Iowa, J. I. Rourn, Pu.D., Iowa Crry, Iowa, 

JESUS DE LA HuerGa, M.D. (By Invitation), CHICAGO, 

ILL., AND FREDERICK STEIGMANN, M.D., Cuicago, IL. 


The serum protein fractions determined by electrophoresis (in 25 normal 
people, 139 patients with hepatic diseases, and 14 patients with other diseases) 
revealed diverse tendencies in different hepatobiliary diseases. The diagnostic 
significance of these tendencies and of various chemical electrophoretic albumin/ 
globulin ratios was investigated. 

Serum albumin was markedly reduced in all hepatobiliary diseases, inelud- 
ing obstructive jaundice in which the decrease paralleled the drop of the 
cholesterol ester ratio. The decrease was especially marked in cirrhoties, and 
more so in those with than without ascites. However, in general, the albumin 
level had little diagnostic significance. The previously reported tendency of the 
alpha globulins to rise when the albumin level decreases was often absent, pos- 
sibly due to failure of the hepatic cells to synthesize alpha globulins. This 
results in a wide spread of their distribution in hepatobiliary diseases. The beta 
globulins were, as a rule, elevated. The gamma globulins were elevated in 
most hepatobiliary diseases, only slightly in obstructive jaundice, somewhat 
more in acute hepatitis and in cirrhosis without jaundice, and most markedly 
in cirrhosis with jaundice. The total globulin level revealed little diagnostic 
significance because the alpha globulins were markedly elevated in obstructive 
jaundice and the gamma globulins in hepatitis and cirrhosis. 

The erratic trends of the alpha globulins in liver damage render the elec- 
trophoretie albumin level diagnostically more informative than the sum of 
albumin plus alpha globulin (this sum follows more closely the results of the 
salt partition of Howe than does the electrophoretic albumin). The sum of 
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beta plus gamma globulin (simulating Howe’s globulins) was more informative 
than the electrophoretic total globulins. Thus the albumin/globulin ratios as 
determined by electrophoresis and by the chemical method of Howe do not 
differ much in the diagnostic evaluation of hepatobiliary diseases, and espe- 
cially in the differential diagnosis between surgical and medical jaundice. The 
electrophoretic albumin/gamma. globulin ratio is, however, of value in the 
differential diagnosis of hepatobiliary diseases. This is of clinical importance, 
since by simple salt partition methods a ratio can be determined which is 
almost identical with the electrophoretic albumin/gamma globulin ratio. 


145. HYPERPHOSPHATASEMIA IN INCOMPLETE OBSTRUCTION 
OF THE BILIARY TRACT 


HerMAN ULeEvitcH, M.D. (By INviration), Paut I. Hoxwortn, M.D. (By 
INVITATION), Epwarp A. GALL, M.D. (By INviTaTION), AND 
LEON Scuirr, M.D., CrncINNATI, OHIO 


Case experiences are reported illustrating the importance of the serum 
alkaline phosphatase in detecting partial biliary tract obstruction. There may 
be concomitant or dissociated increases in the serum alkaline phosphatase and 
serum bilirubin concentrations, depending on the degree of obstruction and the 
extent of hepatic damage. Thus, with subsidence of hepatitis, the serum bili- 
rubin concentration may fall and the serum alkaline phosphatase rise. Per- 
sistent elevation of the serum alkaline phosphatase in the presence of normal 
serum bilirubin concentration may occur even after a grossly obstructive lesion 
has been removed surgically and may indicate partial obstruction due to 
cholangitis or biliary cirrhosis. 

Partial biliary tract obstruction may be produced by ligating the left main 
hepatie duct in the dog. This results in hyperphosphatasemia without hyper- 
bilirubinemia. In one animal, the serum alkaline phosphatase was still ele- 
vated five months after operation, although the serum bilirubin had remained 
normal. Necropsy revealed the presence of extensive biliary cirrhosis and 
obliterative cholangitis in the lobes drained by the ligated hepatic duct. Epi- 
thelial regenerative activity was limited to bile ducts and was not evident in 
parenchymatous cells. 

The serum alkaline phosphatase concentration is a much more sensitive 
indicator of biliary obstruction than is the serum bilirubin concentration, and 
should be determined repeatedly, even after the obstructing lesion has seem- 
ingly been removed and jaundice has completely subsided. 


146. CORRELATION OF THE RESULTS OF NEEDLE BIOPSY OF THE 
LIVER WITH AUTOPSY FINDINGS 


GILBERT P. WaGoneErR, M.D. (By Invitation), HERMAN ULEvitcu, M.D. (By 
INVITATION), ERNEST L. ABERNATHY, M.D. (By Invitation), Epwarp A. 
GALL, M.D. (By INviTaTION), AND LEON Scuirr, M.D., 
CINCINNATI, OHIO 


The histologic changes in 97 specimens of liver tissue obtained by needle 
biopsy from 86 patients are compared with the findings at necropsy. The 
biopsies were obtained at varying intervals prior to death in 66 instances, and 
immediately post mortem in 31 cases. All of the specimens were obtained from 
the right lobe of the liver with the Vim-Silverman needle. 
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In the 97 cases studied, the biopsy diagnosis was corroborated in 83 of 
them. Biopsy specimens obtained ante mortem showed correlation in 56 of 
66 cases, while material obtained post. mortem showed correlation in 27 of 
31 eases. 

In 24 eases in which no specific diagnostic changes were noted on biopsy, 
none were found at autopsy in 23 cases. In the remaining ease, early fibrosis 
was present in the autopsy specimen. In 32 eases of neoplastic disease of the 
liver, 12 of the biopsy specimens failed to show the presence of the tumor. In 
these 12, a primary carcinoma was present in two, and metastatic lesions were 
found in ten. Since four of the latter were autopsied eighty-three to two hun- 
dred two days after the biopsy was done, metastases may theoretically not 
have been present at the time of biopsy. In four cases of granulomatous dis- 
ease of the liver, the biopsy failed to show a syphilitic gumma in one. 

Complete agreement between biopsy and autopsy findings was noted in 21 
eases of cirrhosis, 9 cases of obstructive jaundice, 5 cases of fatty vacuoliza- 
tion, and in 2 eases of acute yellow atrophy. 

The results indicate a high degree of correlation between liver biopsy and 
autopsy findings, even in the presence of focal lesions, which theoretically 
should be missed in biopsy specimens. 


147. EFFECT OF AUREOMYCIN ON HEPARIN CONCENTRATION 
AND CLOTTING TIME OF HUMAN BLOOD 


Burton A. WAISBREN, M.D., AND Davip Guick, PH.D., MINNEAPOLIS, MINN. 
(INTRODUCED BY GERALD Evans, M.D.) 


Macht and Farkas reported, in 1949, that aureomycin increased the coagu- 
lability of blood. Experiments demonstrating that aureomycin lowers the 
concentration of heparin in human serum and also increases the coagulability 
of blood are presented in this report. 


Increasing amounts of aureomycin adjusted to a pH of 7.3 with 0.1 N-HCl 
were added to normal serum, and the serum was then analyzed for heparin by 
a modification of the method of Jacques, Monkhouse, and Stewart. In the 
presence of 100 to 200 pg aureomycin per e.c. serum the concentration of de- 
terminable heparin was approximately halved; less than 20 ng aureomycin per 
¢c.e. did not appear to have a significant effect. 


Aureomyein given intravenously (0.5 grain dissolved in 500 ml. of 0.9 per 
cent NaCl) lowered the coagulation time as determined by the Lee-White 
method of ten of eleven patients. There was no instance in which the coagu- 
lation time was increased after the infusion of aureomycin. 


The data presented are in accord with Macht and Farkas’ finding that in 
certain instances aureomycin increases the coagulability of the blood. The 
present results suggest that this increased coagulability is due to an anti- 
heparin effect of aureomycin. The observation of Miller and his associates 
that certain antibiotics including aureomycin reduce mortality from x-radia- 
tion, and the finding of Allen and his co-workers that shortly after x-radiation 
a heparinlike substance appears in the plasma of dogs suggest the possibility 
that protection by certain antibiotics against the effects of radiation may be 
mediated, at least in part, through an antiheparin effect. Whether or not this 
antiheparin action is responsible for an increased incidence of thrombosis fol- 
lowing the use of antibiotics, which has been suggested by some observers and 
denied by others, should be investigated further. 
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148. TREATMENT OF EXPERIMENTAL RENAL HYPERTENSION 
WITH RENIN AND WITH ANTIRENIN 


G. E. WAKERLIN, M.D., Bess G. Oscoop, PH.D. (By Invitation), R. B. Birp, 
B.S. (By Invitation), T. L. BRANNICK, B.S. (By Invitation), J. B. Moore 
III, B.S. (By Invitation), R. O. Burns, M.S. (By Invitation), 

KE. W. Hawtnorng, M.D. (By Inviration), AND R. W. Sevy, M.S. 

(By Invitation), Cuicaco, Iu. 


We now have excellent evidence that chronic renal hypertensive dogs can 
be successfully treated with daily intramuscular injections of crude hog renin 
(1 dog unit per mg. N) and with semipurified hog renin (50 to 120 dog units 
per mg. N) in a dosage of 2 to 10 dog unit per kg. over a period of four to 
eight months, and that the development of experimental renal hypertension in 
dogs following renal artery constriction can be prevented by prophylaxis with 
erude hog renin and with semipurified hog renin (2 to 10 dog units per kg. 
daily and intramuscularly for four months prior to renal artery constriction). 
In our latest experiments the crude and semipurified hog renins were prepared 
from renal cortex from which all renal medulla was excluded. The excellent 
therapeutic and prophylactic effects obtained are highly correlated with the anti- 
renin titer. Our previous inability to be certain of such a correlation was due 
to the interfering effect of hog renal medulla protein. Our now convincing evi- 
dence for antirenin as the mechanism of the therapeutic and prophylactic effects 
of crude and semipurified hog renins (which Goldblatt and co-workers have 
reported on) constitutes the strongest support to date for a primary role for 
renin in the pathogenesis of experimental renal hypertension. 

In preliminary experiments, antihypertensive effects with antirenin to semi- 
purified hog renin produced in the dog were observed on administration to renal 
hypertensive dogs. The critical factor appeared to be the antirenin titer, pas- 
sively produced, strongly supporting renin as the pathogenetic mechanism of 
experimental renal hypertension. Further work with concentrated purified anti- 
renin is necessary. Since antirenin to hog renin does not neutralize human renin, 
similar experiments on the effect of antirenin to human renin on human hyper- 
tension are planned. If a significant percentage of these patients have their 
hypertension primarily or dominantly on a renal basis involving renin, passive 
administration of antirenin to human renin will be of some therapeutic value 
but, more importantly, various research groups would be stimulated to alter 
the antigenicity of hog and other animal renins to overcome the species dif- 
ference which presently would preclude their use in the treatment of human 
hypertension. 





149. URINARY FINDINGS IN RELATION TO THE 
MANIFESTATIONS OF PORPHYRIA 


C. J. Watson, M.D., anp V. E. Hawkinson, B.S. (By INvitTation), 
MINNEAPOLIS, MINN. 


During the past fifteen years protocols and urine samples have been 
studied in a total of sixty-seven cases of porphyria, of which twenty-eight have 
been observed personally. Of these, forty-four were of intermittent acute 
type, studied during relapse, and six of the same type during remission. Four 
were of the photosensitive or congenital variety with onset in infancy or early 
childhood, while eight were “mixed” in type. 
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Abdominal or nervous manifestations were regularly accompanied by the 
presence of porphobilinogen in the urine, which diminished or disappeared 
during remission. This chromogen was absent in all four cases of the “pure” 
photosensitive type, and in the “mixed” cases except when abdominal pain or 
neurologic disturbances were present. The intermittent acute type was regu- 
larly characterized by the Waldenstrém or “260” porphyrin, occurring as the 
zine complex, while the photosensitive type in all instances exhibited uropor- 
phyrin and coproporphyrin Type I, in the free state. It is not believed, how- 
ever, that the zine complex is related to abdominal or nervous manifestations, 
as it has been noted in a large amount in eases of “mixed” type during periods 
when these symptoms were quite lacking, and when porphobilinogen was not 
demonstrable. 


Irom these observations and other data to be discussed it appears that 
porphobilinogen or a nonporphyrin derivative is causally related to the prin- 
cipal manifestations of the intermittent acute type, but not to photosensitivity. 


150. SIMILARITY OF HEMATOLOGIC EFFECT IN MICE OF PYRI- 
DOXINE DEFICIENCY, CORTISONE, AND MYELOID 
METAPLASIA FACTOR OF HUMAN URINE 


Davin R. Wetr, M.D. (By Invitation), AND RoBert W. HEINLE, M.D., 
CLEVELAND, OHIO 


Previous work has shown that partial deficiency of pyridoxine in mice is 
associated with granulocytosis and lymphopenia. The deficiency was pro- 
duced by administering desoxypyridoxine parenterally. 

The present report describes the production of a more complete deficiency 
by oral administration of the desoxypyridoxine. The granulocytosis and 
lymphopenia occurred as before. In addition there was weight loss, dermatitis, 
and histologic changes in the spleen and liver. In the spleen there was exten- 
sive infiltration by granulocytes, and immature mononuclear cells with many 
mitoses. Atrophy of lymphoid tissue did not occur. 

In a number of previous reports by various authors, it has been shown 
that cortisone and adrenocorticotropic hormone cause lymphopenia, granulo- 
eytosis, and regression of lymphoid tissue. When weanling mice were given 
cortisone in doses of 1 mg. daily, granulocytosis and lymphopenia occurred 
promptly and persisted during the thirty days of the experiment. The histo- 
logic appearance of the mouse spleens was indistinguishable from that pro- 
duced by pyridoxine deficiency. 

The production of myeloid metaplasia in guinea pig and mice by the in- 
jection of fractions of urine from patients with chronic myeloid leucemia has 
been previously reported. We have continued this investigation in mice. In 
these animals granulocytosis but not lymphopenia is produced by the injection 
of the urine fractions. The histologic appearance of the spleen is indistinguish- 
able from that produced by cortisone and pyridoxine deficiency. In addition 
there is myeloid metaplasia in the livers and bone marrow. 

Experimental data indicate that the effects of the myeloid metaplasia 
factor from human urine and of pyridoxine deficiency are not necessarily best 
explained on the basis of the alarm reaction. The myeloid metaplasia factor 
does not reproduce the entire cortisone picture. It is possible that one of the 
actions of cortisone may be the establishment of an effective deficiency of the 
active vitamin B, coenzyme. 
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151. PROTECTIVE EFFECT OF CYSTEINE AGAINST LEUCOPENIA 
INDUCED BY NITROGEN MUSTARD 


AustTIN S. WEISBERGER, M.D. (By INviTATION), AND Ropert W. HEINLE, M.D., 
CLEVELAND, OHIO 


Cysteine has been shown to exert a protective effect in rats against lethal 
amounts of irradiation. Inasmuch as the hematologic effects of nitrogen mus- 
tard (HN2) are similar to those of irradiation, the effect of cysteine on the 
leucopenia induced with HN2 was investigated. 


In rabbits, the intravenous injection of 600 to 1000 mg. of cysteine hydro- 
chloride per kilogram of body weight resulted in partial protection against 
the severe leucopenia induced by HN2. The fall in the leucocyte count in 
animals given cysteine hydrochloride averaged 37.5 per cent of control counts, 
as compared to a fall of 79.5 per cent in those animals not given cysteine. The 
protection of neutrophils and lymphocytes was of the same magnitude. This 
effect was observed only when the cysteine was given prior to the HN2. No 
protective effect was obtained when the cysteine was injected immediately 
after the HN2. The intramuscular injection of large amounts of an oil sus- 
pension of BAL, another sulfhydryl-containing compound, one hour prior to 
administration of HN2 did not prevent development of the severe leucopenia. 


Preliminary studies indicate that cysteine also exerts a protective hemato- 
logie effect in human beings, in addition to which the marked nausea and 
vomiting caused by HN2 are almost completely prevented. Investigation is in 
progress to determine whether cysteine antagonizes all the effect of HN2 or 
whether it affords selective protection of leucocytes without preventing other 
desirable therapeutic actions. If the latter alternative is true, it is possible that 
larger and more effective therapeutic doses of HN2 could be used without danger- 
ous leucocyte depression. 


152. HEMATOLOGIC ADAPTATION TO ANOXEMIA IN CHRONIC 
PULMONARY EMPHYSEMA 


Russet H. Wiuson, M.D. (By Invitation), Craig W. Borpen, M.D. (By 
INVITATION), RicHarD V. Epert, M.D., AND JANET J. JOHNSON, B.S. 
(By INvitTaTION), MINNEAPOLIS, MINN. 


Numerous studies have shown an increased hemoglobin concentration in 
the blood of permanent residents of high altitudes and of patients with con- 
genital heart disease of the cyanotic type. The increase in hemoglobin con- 
centration roughly parallels the degree of anoxemia, thereby maintaining the 
total oxygen transport. Few studies have been made of the hematologic 
adaptation to the anoxemia of chronic pulmonary emphysema. 

The per cent oxygen saturation of the arterial blood and the hemoglobin 
concentration were determined in fifty-seven men with chronic pulmonary 
emphysema. The mean value for the former was 85 per cent, and for the lat- 
ter it was 14.5 Gm. per 100 ¢.c. The mean hemoglobin concentration was not 
significantly different from that obtained for a control group of nineteen nor- 
mal men. There was, however, a tendency for higher hemoglobin levels to be 
found with the more severe degrees of anoxemia. The mean hemoglobin con- 
centration in sixteen of the fifty-seven patients who had an oxygen saturation 
of the arterial blood below 80 per cent was 16.1 Gm. per 100 ¢.c. A statistically 
significant negative correlation was found between the hemoglobin concentra- 
tion and the per cent oxygen saturation of the arterial blood (r = -0.87). 
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Further studies were performed in twelve patients with emphysema and 
compared to a similar group of control subjects. In the group with emphysema 
the mean corpuscular volume was increased 14 per cent; the mean corpuscular 
hemoglobin was increased 4.3 per cent; and the mean corpuscular diameter 
was increased 2.7 per cent. All of these differences were statistically signifi- 
eant. There was no significant increase in the reticulocyte count, the serum 
bilirubin concentration, or the daily excretion of urobilinogen in the feces. 
The bone marrow revealed no evidence of increased erythropoiesis. 

The most constant hematologic response, therefore, to the anoxemia of 
pulmonary emphysema is an increase in the size of the erythrocyte. <A signifi- 
cant increase in the hemoglobin concentration of the blood is uncommon, and 
when found is usually associated with severe anoxemia and right heart failure. 


153. CORTICOGENIC HYPOTHYROIDISM: ITS REGULAR OCCUR- 
RENCE AND CLINICAL SIGNIFICANCE DURING PROLONGED 
THERAPEUTIC ADMINISTRATION OF ACTH OR CORTISONE 


WILLIAM Q. Wo.trson, M.D. (By Invitation), Witu1Am H. Brterwautes, M.D., 
Wiutu1AmM D. Ropinson, M.D., Ivan F. Durr, M.D. (By INviTation), JOHN 
R. JONES (By INVITATION), CHARLES T. Knorpp, B.S. (By INviITATION), 
AND Mioxo Eya, A.B. (By INviratTion), ANN ARBor, MICH. 


In patients undergoing prolonged treatment with ACTH or cortisone, only 
newer indices of thyroid status are reliable, for direct effects of ACTH or 
cortisone on the basal metabolism rate and serum cholesterol may conceal 
altered thyroid function. Because 11,17-oxysteroids are calorigenie (reported 
elsewhere in these Proceedings), the basal metabolic rate may be normal to 
slightly low, although thyroid function is virtually absent. ACTH produces 
hypocholesterolemia which may mask the hypercholesterolemia produced by 
the induction of hypothyroidism. I-131 uptake and serum protein-bound iodine 
appear reliable indices, even during administration of ACTH or cortisone. 

We have considered the following findings to be indicative of hypothy- 
roidism: (1) serum protein-bound iodine below 4.0 micrograms per cent, (2) 
I-131 uptake in the range of patients with known myxedema, (3) B.M.R. con- 
sistently below —15, (4) decreasing clinical or laboratory response to constant 
daily ACTH dosage with prompt improvement in response upon addition of 
desiccated thyroid, (5) prompt drop in serum cholesterol and in ester percent- 
age when small amounts of thyroid were added to a constant daily dosage of 
ACTH. 

We have studied seven patients with chronic rheumatic disease who received 
ACTH or cortisone continuously for a prolonged period. Using the above cri- 
teria, all seven patients had a detectable degree of hypothyroidism. These ob- 
servations are consistent with a number of recent short-term studies by other 
investigators and with the known frequency of thyroid atrophy in Cushing’s 
syndrome. The low I-131 uptakes observed in our patients suggest that this 
hypothyroidism probably originates in decreased secretion of TSH by the 
anterior pituitary. 

Although corticogenic hypothyroidism appears to occur regularly under 
these conditions, its correction does not always lead to better clinical control. 
In some patients a previously adequate response to ACTH was lost and not 
regained until the thyroid deficiency was corrected. In one patient, thyroid 
withdrawal produced prompt relapse and increased daily ACTH requirement ; 
readministration of thyroid was quickly followed by decreased daily ACTH 
requirement and clinical remission. The possible existence of corticogenic 
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hypothyroidism should be considered whenever a patient ceases to respond 
well to a daily dosage of ACTH which previously was adequate for main- 
tenance. 


154. DELAYED EXCRETION OF WATER IN PATIENTS WITH 
NONTROPICAL SPRUE 


Eric E. Wouuarcer, M.D., anp BELDING H. ScriBner, M.D. (By INviTATION), 
ROCHESTER, MINN. 


Several patients who had nontropical sprue were found to excrete (con- 
sistently) larger amounts of urine during the night than they did during the 
day when taking food and liquid in the amount and manner advocated by 
Mosenthal as a test for renal function. Since results of other tests of renal 
function were normal, other causes for this delayed excretion of water were 
sought. The delayed excretion could not be accounted for on the basis of post- 
ural changes in blood pressure. 

One patient who had severe treatment-resistant nontropical sprue, when 
maintained on a constant quantitative intake of fluid and food, experienced 
regular nocturnal diuresis, the amount of night (7:30 p.m. to 7:30 A.M.) urine 
averaging more than three times the amount of day (7:30 a.M. to 7:30 P.M.) 
urine. When the amounts of urine excreted during each of the twenty-four 
hours were plotted, a curve of diuresis was obtained which began at 9:30 P.M., 
ended at 7:30 a.m., and reached a maximum between 12:30 and 1:30 a.m. The 
height of the curve could be elevated or depressed by increasing or decreasing 
respectively the amount of fluid taken in during the day. The time of the 
diuresis and the hour of maximal excretion of urine were not influenced by 
varying the time of intake of water during the day, whether it was taken orally 
or parenterally. However, the time of diuresis could be advanced or delayed 
by advancing or delaying the time of the patient’s three daily meals, even when 
the time of intake of fluid was kept the same. 

These findings suggest that the exeretion of water in patients who have 
nontropieal sprue may be delayed by the retention of large amounts of fluid in 
the intestinal tract during the abnormally long periods required by the mal- 
functioning bowel to complete the work of digestion and absorption of ingested 
food. 


155. STUDIES ON THE SURVIVAL OF TRANSFUSED ERYTHROCYTES 
IN HEREDITARY SPHEROCYTOSIS AND ACQUIRED 
HEMOLYTIC ANEMIA 


CLAUDE-STARR WRIGHT, M.D., BertHa A. Bouronc ie, M.D. (By Invitation), 
Sytv1A R. Busis, M.D. (By INvitTaTION), AND CHARLES A. Doan, M.D., 
COLUMBUS, OHIO 


Our interest in the survival of erythrocytes in hereditary spherocytosis 
and aequired hemolytic anemia was stimulated by the clinical inability to 
inhibit medically or alleviate with transfusions the hemolytic process in sub- 
acute or acute crises occurring during the course of these syndromes. The 
behavior of the presplenectomy crises was identical in both. It was the clinical 
impression that transfused normal cells in an actively hemolyzing circulatory 
system, whether due to hereditary spherocytosis or to some acquired hemolytic 
mechanism, resulted in a shortened survival for the transfused erythrocytes. 
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Over the past decade, refinement of differential agglutination technics for 
studying red-cell survival have added significant understanding to both the 
physiologic and pathologie aspects of the erythrocyte. Red cells from ac- 
quired hemolytic anemia, hereditary spherocytosis, thalassemia major, sickle- 
cell anemia, paroxysmal hemoglobinuria, and megaloblastic anemia, when 
transfused into normal individuals have been shown to have a shortened life 
span. Normal cells transfused into patients with any of these diseases except 
acquired hemolytic anemia have been shown to have normal survival. 

In this series, cell survival studies of twenty-four transfusions were deter- 
mined in fifteen different persons. Nine transfusions were made in six patients 
with hereditary spherocytosis; fourteen transfusions were given to seven pa- 
tients with acquired hemolytic anemia (three idiopathic and four secondary to 
chronic lymphatic leucemia). Three transfusions were given to two normal 
recipients. Two donations contained spherocytes from patients with heredi- 
tary spherocytosis, and the third was from a normal donor into a normal 
recipient. 

The survival in three hereditary spherocytoses during active hemolyzing 
episodes and before splenectomy was shortened. In the foregoing three cases 
and in two additional patients with hereditary spherocytosis, splenectomy was 
done during a survival red-cell study, and in all five the presplenectomy 
erythrocyte destruction was accelerated and the postsplenectomy destruction 
normal. Spherocytes transfused into a normal individual showed a typical 
exponential curve. 


In four of the seven cases of acquired hemolytic anemia, pre- and post- 
splenectomy survival studies were done. In all instances the postsplenectomy 
survival of normal transfused erythrocytes was longer than the presplenectomy, 
however, this varied in direct proportion with the clinical effectiveness of 
splenectomy. In one patient with subacute lymphatic leucemia an episode of 
acquired hemolytic anemia developed during pregnancy, normal compatible 
red cells given this patient showed marked abbreviation in durability until 
term delivery of a normal baby, following which the survival again became 
normal and the hemolytic episode was spontaneously terminated. 

Previous observations interpreting survival of normal transfused erythro- 
cytes into persons with hereditary spherocytic anemia as normal in contrast 
to a shortened survival in acquired hemolytic anemia have not been confirmed 
in this study. 


156. A PRELIMINARY REPORT ON INTRACARDIAC CATHETERI- 
ZATION STUDIES DURING PREGNANCY 


Henry A. ZIMMERMAN, M.D., CLEVELAND, OHIO 
(INTRODUCED By Roy W. Scort, M.D.) 


These studies are concerned specifically with the cardiae output and pul- 
monary circulation in pregnancy in the following circumstances: (1) the dif- 
ferent weeks of gestation, (2) at the time of cesarean section under spinal 
anesthesia, and (3) at the time of normal delivery under spinal anesthesia. 

Thirty-five patients have been studied to date during different weeks of 
gestation. We have found that the cardiae output begins to increase about 
the time of the twelfth week, rises to a peak by the thirty-second week, and 
then gradually drops by the time of delivery. Although the cardiac output 
was increased, the pulmonary arterial pressure was maintained at levels lower 
than the accepted normal of 25/10 mm. of Hg. 
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Four patients were studied during cesarean section under spinal anes- 
thesia. After delivery of the baby and placenta the cardiac output increased 
an average of 2,434 ¢.c. per minute. The oxygen consumption remained ap- 
proximately the same, while the arteriovenous difference decreased. The pul- 
monary arterial pressure increased following delivery. The average systolic 
pressure increase was 15 mm. of Hg, while the average diastolic pressure 
increase was 8 mm. of Hg. The right auricular pressure was elevated follow- 
ing delivery. The systemic pressure likewise rose, the systolic an average of 
20 mm. of Hg, the diastolic an average of 15 mm. of Hg. 

To date only one patient has been studied at the time of normal delivery 
under spinal anesthesia. The cardiac output in this case was increased 2,750 
e.c. per minute following delivery of the baby. The arteriovenous difference 
decreased. The pulmonary arterial systolic pressure rose 16 mm. of Hg, while 
the pulmonary diastolic pressure rose 7.1 mm. of Hg. 


157. OBSERVATIONS ON THE EFFECT OF ACTH AND 
CORTISONE IN THE COAGULATION OF BLOOD 
R. W. Monto, M.D., M. J. BRENNAN, M.D., R. R. Marouuis, M.D., anp 
R. W. Smiru, M.D. 
Detroit, Micu. 


(INTRODUCED BY BEN E. Goopricu, M.D.) 


The coagulation mechanism in twenty patients receiving adrenocortico- 
trophic hormone (ACTH) and six patients under treatment with 11-dehydro- 
17-hydroxy corticosterone (cortisone) was studied. These individuals were 
suffering from ocular and collagen diseases. Control observations were per- 
formed on three normal persons, three patients with Addison’s disease, one 
with hypopituitarism, and one patient with fatigue and diarrhea. 

The following blood determinations were made: 1, coagulation time; 2, 
undiluted prothrombin time; 3, diluted prothrombin time; 4, two-stage pro- 
thrombin; 5, platelet count; 6, protamine titration; 7, plasma accelerator glob- 
ulin; 8, antifibrinolysin ; 9, direct eosinophile counts. 

A single 20 mg. injection of ACTH in three normal subjects produced 
within four hours a significant increase in circulating heparin or heparin-like 
substances as determined by the protamine titration. A parallel prolongation 
of the clotting time was observed. 

The effects of ACTH and cortisone on certain measurable factors in- 
fluencing coagulation showed no consistent changes, but noteworthy altera- 
tions did occur in many individuals. The variation in response seemed to be 
in relation to the original functional capacity of the patient’s adrenal glands. 

In one subject the coagulation time was found to be reduced by fifteen 
minutes in less than a twenty-four hour period. In this patient a parallel 
marked shortening of the diluted prothrombin occurred. An initial production 
of a delayed diluted prothrombin time was encountered in six of twenty patients 
studied. Under continued treatment of ACTH or cortisone the diluted pro- 
thrombin time was brought back to normal. 

Initial and transient increases in the protamine titer and clotting times 
were frequently encountered. In twelve of twenty patients there was noted 
a decrease in the clotting times after the first twenty-four hours of therapy. 
No significant changes in the platelet counts were observed. 

Alteration of the level of plasma Ac-globulin, two-stage prothrombin, and 
antifibrinolysin were seen. The significance of these changes is not apparent. 

These studies are thought to be interesting in view of the possible clinical 
relationship of stress to thrombotic and hemorrhagic diseases. 
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158. HISTOCHEMICAL CHANGES IN LYMPHOCYTES IN ACUTE 
INFLAMMATION IN MAN 


JoHN W. Resuck, M.D., DerRorr, Micu. 


(INTRODUCED BY Ben E. Goopricn, M.D.) 


Transformation of many lymphocytes into histiocytes after a short sojourn 
in the field of acute inflammation in man is accomplished by numerous struc- 
tural changes in lymphocytes: increase in parachromatin, in irregularity of 
nuclear membrane, in nuclear size, separation of coarse chromatin masses into 
fine pieces, increase in chromatin-parachromatin definition; increase in cyto- 
plasm. Such structural features were studied by means of our human ‘‘win- 
dow’’ technique by which serial preparations of the cytology of the exudate in 
acute inflammation have been obtained in chronologic sequence from a single 
lesion and have been stained just like blood smears. Functional changes ac- 
companying hypertrophy of lymphocytes into histiocytes were: increase in 
phagocytic powers for cellular debris and vital dyes; increase in number of 
neutral red vacuoles with aggregation into a rosette-like apparatus; and finally, 
evidences of gradual substitution of depolarization-locomotion for the cus- 
tomary lymphocytic polarization-locomotion. If the Metschnikoff-Maximow- 
Downey thesis is correct, and the lymphocytes are a mobile source of the histio- 
cytes or macrophages in inflammation, and our findings tend to confirm this, 
then lymphocytic hypertrophy might be expected to be accompanied by evi- 
dences of enhanced energy mechanisms at work within the cells. The demon- 
stration of the positive lymphocytic peroxidase reaction in inflammation was 
the first histochemical evidence of such accentuation. In our present study we 
have demonstrated cytochrome C-oxidase within lymphocytic cytoplasm early 
in the state of lymphoeytie hypertrophy in acute inflammation in man. Prepa- 
rations stained with Sudan Black B from two additional windows revealed 
assumption of marked lymphocytic cytoplasmic sudanophilia. Early in their 
hypertrophy the lymphocytes ingest neutrophilic cytoplasmic buds. Hence the 
histochemical changes in lymphocytes may well be exogenous in origin, although 
an endogenous source cannot be excluded. These observations are discussed in 
the light of Agner’s investigations of the defense functions of leucocytie peroxi- 
dase and Seabra’s parallel work on the defense functions of leucocytie oxidase 
and acid-fast properties of neutrophilic leucocytie granules. 


159. QUANTITATIVE STUDIES ON THE THERMOGENIC EFFECT 
OF PROGESTERONE 


Irvinc RoTHCHILD, PH.D., CoLumMBus, OHIO 


(INTRODUCED By ALLAN C. BARNES, M.D.) 


The thermogenic effect of progesterone, administered alone or in com- 
bination with estradiol, has been studied on a group of twenty-seven men be- 
tween the ages of 15 and 40 years. 


Single injections of progesterone, ranging from 1.0 to 50.0 mg., resulted 
in a rise in basal body temperature (BBT) on the following day in all subjects 
when the dose was 5.0 mg. or greater. With a 1.0 mg. dose, six out of ten sub- 
jects showed a slight rise in BBT on the day following injection. The average 
increase in BBT above the preinjection level on the day following a single in- 
jection of progesterone was directly related to the size of the dose, the average 
rise with 1.0 mg. being 0.30° F. and with 50.0 mg., 1.10° F. 
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When progesterone was administered in dosages of 1.0, 5.0, 10.0, 25.0, and 
50.0 mg. per day for a period of eight days, the average maintained increase in 
BBT above the preinjection level was between 0.30° and 0.50° with daily doses 
of 1.0 mg., and between 1.20° and 1.60° with daily doses of 50.0 mg., and was 
between these two extremes with the intermediate doses. 

The antithermogenic effect of the estrogens was evaluated in a group of 
thirteen men. Three groups of five, four, and four men each were injected with 
1.0, 5.0, and 10.0 mg. of progesterone per day, respectively, for from eight to 
ten days. Each group then received two series of estrogen injections: (a) two 
1.0 mg. doses of estradiol in micropellet form at three-day intervals, and (b) six 
daily injections of 1.0 mg. each of estradiol dipropionate. In neither series 
was there any significant depression of the maintained BBT elevation brought 
about by the continued progesterone injections. 

Lack of thyroid mediation of the thermogenic effect of progesterone was 
indicated by a lack of any rise in the protein-bound blood iodine on any dose 
of progesterone, and by the fact that four cretins, included in this study, re- 
sponded as well as did the normal individuals to progesterone. 
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active iodine, phosphorus, and so- 
dium in determination of, 456 
blood flow, measurement of instantaneous 
changes in, by its effect on cere- 
brospinal fluid pressure, 982 
Cerebrospinal fluid, increased gamma globulin 
and fibrinogen in, estimation of, 
130 
interpretation of findings in. IV. Syn- 
drome of normality, 399 
pressure, measurement of instantaneous 
changes in cerebral blood flow by 
its effect on, 982 
Chest x-rays, routine, nature of lesions en- 
countered in, 617 
Chloramphenicol, treatment of typhoid car- 
riers with, 971 


SUBJECT INDEX 





Chloride, biologic decay periods of, in man 
with use of long-life Cl3¢ as the 
tracer, 998 
Chloromycetin in body fluids and tissue ex- 
tracts, cylinder-plate assay for, 154 
Choline metabolite, urinary excretion of a, 
in normals and in patients with 
liver diseases, 816 
Circulation, coronary, effect of ergonovine on, 
further studies of, 66 
in hypertension, effects of protoveratrine 
on, 838 
peripheral, in scleroderma, effect of corti- 
sone and ACTH on, 834 
Cireulin, action of, on Endamoeba histolytica, 
laboratory observations, 741 
Cirrhosis of liver, electrolyte and fluid bal- 
ance in, 980 
use of ion exchange resins in manage- 
ment of, 962 
with ascites, comparison of renal func- 
tion with urinary antidiuretic ac- 
tivity in, 990 
Clotting equilibrium, response of, to post- 
operative stress, 817 
time, sensitized, control of anticoagulant 
therapy by a, 818 
Coagulation defect of vitamin K deficiency 
compared with that caused by 
Dicumarol, 234 
of blood, effect of ACTH and cortisone in, 
1008 
whole, method for photoelectric study of, 
819 
qualitative platelet activity in, influence of 
intravenous histamine on, 710 
Coarctation of aorta, speed of pulse wave in, 
842 
Colchicine, desoxycorticosterone and ascorbic 
acid, remission in Hodgkin’s dis- 
ease following, 803 
Colitis, ulcerative, chronic, ACTH and corti- 
sone in, comparison of clinical ef- 
fects, 846 
plasma proteins in, electrophoretic studies 
of, 991 
Colloids, radioactive, localization of, in lymph 
nodes, 440 
Colon, carcinoma of, cytologic methods in de- 
tection of, 846 
Complement fixation and agglutination-in- 
hibition, serological studies of 
mumps employing, 360 
Complement-fixing and antihemagglutinating 
factors, relationship of, against 
the viruses of mumps and New- 
castle disease, 369 
Concomitant leucemia, diabetes mellitus and, 


Coronary circulation, effect of ergonovine on, 
further studies of, 66 
Corticogenic hypothyroidism, occurrence and 
clinical significance of, during pro- 
longed therapeutic administration 
of ACTH or cortisone, 1005 

Corticosteroids, excretion of, in acute leu- 
cemia, effect of aminopterin on, 
877 














SUBJECT INDEX 


Corticosterone (compound B), metabolic and 
. clinical effects of, in man, 813 
Cortisone acetate, effect of, on patients with 
hepatic disease, 807 
and ACTH, effect of, in coagulation of 
blood, 1008 
in experimental streptococcal and pneu- 
mococeal infections, 826 
on advanced malignant disease, 997 
on cardiorespiratory function, 979 
on myasthenia gravis, clinical evalua- 
tion of, 966 
on peripheral circulation and _ blood 
pressure in scleroderma, 834 
on psoriatic arthritis, 973 
on ulcerative colitis, chronic, compari- 
son of clinical effects, 846 
long-term therapeutic regimes with, in 
chronic nonendocrine dyscrasias, 
and control of ‘‘side reactions’’ in 
intermittent and alternate low 
dosage, 837 
renal function studies in patients receiv- 
ing, 844 
therapy, bone marrow studies in lupus 
erythematosus before and after, 
823 
effects of, on experimental infection with 
group A streptococci, in rabbits, 


968 

on metabolic disturbance associated with 
glomerulonephritis with edema, 
843 


increase in basal oxygen consumption pro- 
duced by, in untreated myxedema, 
799 
metabolic observations of effects of, in 
Addison’s disease, 983 
prolonged therapeutic administration of, oc- 
currence and clinical significance 
of corticogenic hypothyroidism 
during, 1005 
Coumarin-mercurial compound, diuretic action 
of a, 224 
Creatine values, whole blood, in heart failure, 
835 
Cutaneous reactivity, human, to Thiomerin 
and other mercurial diuretics, com- 
parative study of, 1 
Cysteine, protective effect of, against leuco- 
penia induced by nitrogen mustard, 
872, 1004 
Cytologic methods in detection of carcinoma 
of colon, use of, 846 


D 


Dermatitis, atopic, peripheral vascular re- 
sponses in patients with, 820 
Diabetes, alloxan, effect of methylene blue 
on established, 113 
mellitus and concomitant leucemia, 972 
liver in, significance of fatty metamor- 
phosis and its correlation with in- 
sulin sensitivity, 922 
structural and functional abnormali- 
ties of, 912 
serum esterified fatty acids with fat tol- 
erance tests in, 835 
protection against, with nicotinamide, 249 
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Diagnostic bacteriology, danger of false re- 
sults using screw-capped tubes in, 
134 
Dicumarol, coagulation defect caused by, com- 
pared with that of vitamin K de- 
ficiency, 234 
Dicumarol-induced hypoprothrombinemia in 
dogs, treatment of, with emulsified 
vitamin K, administered intra- 
venously, 531 
Digestion unit, simple, with notes on micro- 
determination of nitrogen by 
direct nesslerization, 950 
Diiodofluorescein, radioactive, localization of 
intracranial neoplasms with, 998 
Disseminated lupus erythematosus, acute; re- 
port of case treated with ACTH, 
with clinical and metabolic ob- 
servations and autopsy findings, 
206 
Diuretic action of a coumarin-mercurial com- 
pound, 224 
antithyroid, 1-methyl-2-mercaptoimi- 
dazole and 1-ethyl-2-mercaptoimi- 
dazole, clinical evaluation of, 861 
Dye T-1824, excretion kinetics of the, in re- 
lation to plasma volume deter- 
minations, 599 
Dyscrasias, blood cells in, sulfhydryl content 
of, 929 


Drugs, 


E 


Ear oximeter, application of an, to estimation 
of cardiac output by the dye 
method in man, 798 

Edema of lungs, role of pulmonary congestion 
in production of, observations on, 
288 

Electrocardiograms, unipolar precordial, in 
ventricular aneurysms, 973 

Electrocardiography, esophageal, 
standards in, 809 

Electrophoretic serum protein fractions, diag- 
nostic significance of, in hepato- 
biliary diseases, 999 

Endamoeba histolytica, actions of aureomy- 
cin, circulin, polymyxins B, D, and 
E on, laboratory observations, 741 

Endocarditis, subacute bacterial, caused by 
penicillin-sensitive Streptococcus 
viridans, successful two-week peni- 
cillin schedule for, 831 

Enterococci in vitro, effect of combinations 
of antibiotics on, 900 

Ergonovine, effect of, on coronary circulation, 
further studies of, 66 

Ergot alkaloids, hydrogenated, comparative 
analysis of effect of, upon presso- 
and chemoreceptive reflexes in the 
eat, 994 

Ergotamine tartrate and dihydroergotamine, 
excessive use of, headache and, 972 

Erythrocyte survival studies in childhood. I. 
Methods and general observations, 
511 

II. Studies in Mediterranean anemia, 
517 


normal 
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Erythrocyte—Cont ’d 
III. Unusual familial hemolytic ane- 
mias associated with intrinsic 
erythrocyte abnormality, 524 
values in the leucemias, 798 
Erythrocytes and erythrocytic debris, tech- 
nique for hemolyzing, in bloody 
vaginal smear, 766 
heterophile agglutination variability of, 
from different sheep, 283 
transfused, studies on survival of, in hered- 
itary spherocytosis and acquired 
hemolytic anemia, 1007 
Esophageal electrocardiography, normal stand- 
ards in, 809 
Exercise, effect of, on circulatory dynamics 
as a criterion for cardiac compe- 
tence, 807 
Extracorporal electronic by-pass of the A-V 
node, 835 


F 


Familial nephrogenic osteopathy due to ex- 
cessive tubular reabsorption of in- 
organic phosphate, 985 

Fatty acids, serum esterified, with fat toler- 
ance tests in diabetes mellitus, 835 

Fever, ACTH-like effect of, in man, 845 

Fibrinogen and gamma globulin in cerebro- 
spinal fluid, estimation of in- 
creased, 130, 

Fibrinolytic human blood plasma fractions, 
activation and action of, 82 

Fluid therapy, venous catheterization for, 
technique and results, 645 

Folic acid and folinic acid, comparison of 
effects of, in experimental megalo- 
blastic anemia, 963 

and vitamin B,., interrelationship of, in 

baby pig, 537 

Food allergens in alcoholic beverages, specific, 
976 

Fraction I, separation of formed elements of 
whole blood by, 29 

Fractions, blood plasma, activation and action 
of fibrinolytic human, 82 


G 


Gamma globulin and fibrinogen in cerebro- 
spinal fluid, estimation of in- 
creased, 130 

Gastric secretion, plasma ‘‘pepsinogen’’ ac- 
tivity as index of, in various clin- 
ical states, 967 

Gastrointestinal tract, injury of, in dogs, 
— production in response to, 
6 


Glomerulonephritis with edema, metabolic dis- 
turbance associated with, some ef- 
fects of cortisone on, 843 

Glomerulosclerosis, intercapillary, case of, con- 
firmed during life and followed 
for four years, 809 

Granulation tissue, effects of hypophysis, thy- 
roid, sex steroids, and the adrenal 
cortex upon, 7 











SUBJECT INDEX 


H 


Halometer, a simply constructed, 329 
Headache, with special reference to excessive 
use of ergotamine tartrate and 
dihydroergotamine, 972 
Heart cycle, time of exposure in, of an angio- 
cardiogram, device to determine, 
319 
failure, congestive, use of ion exchange 
resins in management of, 962 
whole blood creatine values in, 835 
Hemagglutinins, cold, against normal and 
trypsinized red blood cells; study 
in normals and in hemolytic ane- 
mias, 801 
Hemochromatosis, effect of repeated bleed- 
ing in, 814 
Hemodynamic studies in a case of primary 
amyloidosis, 821 
streptococcal infections, transmis- 
sion of, in infant wards with spe- 
cial reference to ‘‘skin dispers- 
ers,’’ 342 
Hemophilia, thromboplastic plasma component 
in, enzyme studies on, 989 
Hemorrhagic state in dogs after a lethal 
dose of two million volt x-rays, 
study of, 814 
Heparin, extraction of, from blood, an im- 
proved method for, 782 
Hepatic disease, effect of cortisone acetate 
on patients with, 807 
failure, aureomycin in treatment of, 826 
injury produced by carbon tetrachloride, ef- 
fect of vitamin B,, concentrate 
upon, 694 
Hepatitis, amino acids in plasma and urine 
in, before and after infusion of 
protein hydrolysate, 735 
Hepato-biliary diseases, diagnostic significance 
of electrophoretic serum protein 
fractions in, 999 
Heterophile agglutination variability of eryth- 
rocytes from different sheep, 283 
Histamine, intravenous, influence of, on quali- 
tative platelet activity in coagula- 
tion, 710 
Histologic sections, general method for pre- 
paring, with a water-soluble wax 
776 
Histoplasmosis, studies on experimental. IV. 
A comparison of the virulence of 
five strains of Histoplasma cap- 
sulatum by intracerebral inocula- 
tion of male DBA line 1 mice, 547 
Hodgkin’s disease, remission in, following col- 
chicine, desoxycorticosterone and 
ascorbic acid, 803 
Homologous serum jaundice, relationship to 
methods of plasma storage, 796 
Hormones, effects of, on granulation tissue, 7 
pituitary adrenocortrophic and 
thyrotropic, clinical and metabolic 
effects of, on Sheehan’s syndrome, 
987 
Hydrazinophthalazine, renal function and 
systemic blood pressure changes 
following administration of, 969 


Hemolytic 


? 














SUBJECT INDEX 


Hyperphosphatasemia in incomplete obstruc- 
tion of the biliary tract, 1000 
Hypersplenic syndromes, ACTH in, 965 
Hypertension, chronic systemic, production of, 
in rat with a small adjustable 
renal artery clamp, 660 
circulation in, effects of protoveratrine on, 
38 
treatment of experimental renal, with renin 
and with antirenin, 1002 
urinary formaldehydogenic corticoids in, 
297 
Ilypertensive dogs, bio-assay of pressor sub- 
stance in blood of, 829 
Hyperthyroidism, increased efficiency of ab- 
sorption of respired oxygen by pa- 
tients with, 975 
Hyperventilation, voluntary, comparison of 
effect of, in normal persons, pa- 
tients with pulmonary emphysema, 
and patients with cardiac disease, 
119 
Hypoglycemic infant, action of alloxan on, 
830 


Hypoprothrombinemia, Dicumarol-induced, in 
dogs, treatment of, with emulsified 
vitamin K, administered intra- 
venously, 531 

Hypotension accompanying myocardial infare- 
tion, treatment of, 802 


I 


excretion in relation to intestinal 
sterilization, 501 
Infections, group A streptococci, effects of 
cortisone on experimental, in rab- 
bits, 968 
hemolytic streptococcal, transmission of, in 
infant wards, with special refer- 
ence to ‘‘skin dispersers,’’ 342 
human, with virus of vesicular stomatitis, 
754 
streptococeal and pneumococeal, effect of 
ACTH and cortisone in experi- 
mental, 826 
treatment of various, with terramycin, 747 
Influenza virus type A infections, influence 
of ACTH on course of experi- 
mental, 956 
Insulin hypoglycemia, effects of, upon inulin 
and para-amino hippurate clear- 
ances, 964 
Intereapillary glomerulosclerosis, case of, con- 
firmed during life and followed 
for four years, 809 
Intestinal perfusion, pergastric, for uremia, 
849 
sterilization, indican excretion in relation 
to, 501 
Intracardiac catheterization during pregnancy, 
studies on, 1007 
Intracranial neoplasms, localization of, with 
radioactive diiodofluorescein, 998 
Inulin and para-amino hippurate clearances, 
effects of insulin hypoglycemia 
upon, 964 


Indican 
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Iodine, phosphorus, and sodium, radioactive, 
use of, in determination of cere- 
bral and muscle clearance, 456 

Ion exchange resins, use of, in management 
of congestive heart failure and 
cirrhosis of liver, 962 

Iron, saccharated oxide of, intravenous ad- 
ministration of, in human beings, 
observations on, 422 

Trradiated rats with lead-shielded spleens, 
tracer iron distribution studies in, 
40 

Isotopic study of porphyria of ‘‘mixed’’ type, 


Jo 
J 


differential diagnosis of, serum 
cholinesterase determination in, 391 
homologous serum, its relationship to meth- 
ods of plasma storage, 796 


Jaundice, 


Kk 


Khellin in angina pectoris, report on use of, 


955 

Kidney, artificial. III. Elimination of vaso- 
depressor effects due to cello- 
phane, 272 

King-Armstrong and Bodansky methods, 
microdetermination of inorganic 


phosphate and alkaline phospha- 
tase activity by modification of, 


805 
L 
Laboratory methods, 127, 302, 468, 645, 763, 
950 


Laénnec’s cirrhosis, comparison of lipotropic 
substances in treatment of, 993 
Le*-Le® system, agglutination and inhibition 
in the, further studies of, 335 
Leucemia, chronic, blood volume in, as deter- 
mined by P32 labeled red blood 
cells, 435 
concomitant, diabetes mellitus and, 972 
urinary excretion of 17-ketosteroids and 
corticosteroids in, 877 
Leucemias, erythrocyte values in the, 798 
Leucopenia induced by nitrogen mustard, pro- 
tective effect of cysteine on, 872, 
1004 
Lipotropic substances in treatment of Laén- 
nec’s cirrhosis, comparison of, 993 
Liver, cirrhosis, electrolyte and fluid balance 
in, 980 
use of ion exchange resins in manage- 
ment of, 962 
with ascites, comparison of renal fune- 
tion with urinary antidiuretic ac- 
tivity in, 990 
diseases, chronic, treatment of, with pitui- 
tary adrenocorticotrophic hormone 
(ACTH), 822 
urinary excretion of a choline metabolite 
in, 816 











1036 


Liver—Cont’d 
function, relation of metabolism and excre- 
tion of alkaline phosphatase to, 
and to maximal secretory rates of 
liver, 192 
tests, benzoin and shellac turbidity as, 
955 
studies of. I. A combined intravenous 
bromsulfalein-hippuric acid-galac- 
tose test, 705 
in diabetes mellitus, significance of fatty 
metamorphosis and its correlation 
with insulin sensitivity, 922 
structural and functional abnormali- 
ties, 912 
needle biopsy of, correlation of results of, 
with autopsy findings, 1000 
L-nur-epinephrine, actions of, upon human 
: ana 
beings, 995 
studies on; relation of dosage to pressor 
and bradycardia effect, 460 
thromboplastic suspensions, potency 
variation in rabbit, 463 
Lungs, edema of, role of pulmonary conges- 
tion in production of, observations 
on, 288 
Lupus erythematosus, bone marrow studies in, 
before and after ACTH and cor- 
tisone therapy, 823 
Lymph nodes, localization of radioactive col- 
loids in, 440 | 
Lymphoblasts, lymphocytes, and plasma cells, 
role of immature, in formation of 
antibodies, as established in tissue 
culture experiments, 167 
Lymphocytes, histochemical changes in, in 
acute inflammation in man, 1009 
plasma cells, and lymphoblasts, role of im- 
mature, in fornfation of anti- 
bodies, as established in tissue 
culture experiments, 167 
transfused, mechanism of removal of, 832 
Lysozyme production in response to injury 
of gastrointestinal tract in dogs, 
960 


Lung 


M 


Male Amphibia for pregnancy tests, limited 
usefulness of, 127 
Marrow activity, effects of azotemia on, 954 
Megaloblastic anemia, folic acid and folinic 
acid in experimental, comparison 
of effects of, 963 
metabolism of tyrosine in experimental, 
and in scurvy in the monkey, 591 
of pregnancy: response to pteroylglu- 
tamie acid after failure of liver 
extract and vitamin B,,, 238 
Mental symptoms, allergic factors in etiology 
of certain, 977 
Metabolic disturbance associated with glom- 
eruloneplhritis with edema, some 
effects of cortisone on, 843 














SUBJECT INDEX 


Metabolism and excretion of alkaline phos- 
phatase; relation to liver function 
and determination of maximal 
secretory rates of liver, 192 


nucleic acid, certain quantitative aspects 
of, in livers of megaloblastic 
monkeys, 957 

protein, in chronic illness, 604 


tyrosine in experimental megaloblastic an- 
emia and in scurvy in the monkey, 
591 
in infantile 
Methylene blue, effect of, on established all- 
oxan diabetes, 113 
Microdetermination of inorganic phosphate 
and alkaline phosphatase activity 
by modification of King-Armstrong 
and Bodansky methods, 805 
of nitrogen by direct nesslerization, simple 
digestion unit with notes on, 950 
Microorganisms, effect of combined drugs on: 
bacteriologic studies of newer 
antibiotics, 183 
Micro-stress as an indicator of postoperative 
trauma, 816 
Mineral oil ingestion, influence of, on plasma 
vitamin A level, 993 
Mitral commissurotomy, cardiodynamic effects 
of, 969 
Monosodium glutamate of beet origin, allergic 
reactions to, 407 
Mouse pathogenicity as diagnostic aid in iden- 
tification of Actinomyces bovis, 
667 
Mumps and Neweastle disease, viruses of, 
relationship of complement-fixing 
and antihemagglutinating factors 
against, 369 
serologic studies of, employing complement 
fixation and agglutination-inhibi- 
tion, 360 
‘ardiae and skeletal, electrolyte and 
water content of, in normals, ven- 
tricular hypertrophy, and infarc- 
tion, 796 
Myasthenia gravis, effect of adrenocortico- 
trophic hormone and cortisone on, 
clinical evaluation, 966 
Mycomycin, a new antibiotic with tubercu- 
lostatic properties, 841 
infarction, hypotension 
panying, treatment of, 802 
Myxedema, untreated, increase in basal oxy- 
gen consumption produced by cor- 
tisone in, 799 


scurvy, 640 


Muscle, 


Myocardial aeccom- 


N 


Needle biopsy of liver, correlation of results 
of, with autopsy findings, 1000 
Vim-Silverman, a simple guard for, 773 
Neomycin, antimicrobial properties of, 93 
Neoplasms, intracranial, localization of, with 
radioactive diiodofluorescein, 998 
Nephrotic syndrome, treatment of, with nitro- 
gen mustard, 996 
Neuromuscular function, effect of amino acids 
on, 866 























SUBJECT INDEX 


Neutralizing antibody of antiserum against 
poliomyelitis virus, effect of pro- 
longed storage at 4 to 5° C. on, 
163 

Newcastle disease and mumps, viruses of, re- 
lationship of complement-fixing 
and antihemagglutinating factors 
against, 369 


Nicotinamide, protection against diabetes 
with, 249 

Nitrogen, microdetermination of, by direct 
nesslerization, simple digestion 


unit with notes on, 950 
mustard injections, effects of, on embryos 
of pregnant rats, 833 
leucopenia induced by, protective effect 
of cysteine on, 872, 1004 
treatment of nephrotic syndrome with, 
996 
Nucleic acid metabolism, certain quantitative 
aspects of, in livers of megalo- 
blastic monkeys, 957 
Nutritional macrocytic anemia in swine, ex- 
perimental production of. ITI. 
Further studies on pteroylglutamic 
acid deficiency, 675 


O 


Oscillograph, direct writing, six channel, 140 

Oscilloscope, cathode ray, recognition of 
asymptomatic arrhythmias during 
eardiac catheterization by means 
of, 989 

Ouabain, effect of, upon circulatory dynamics 
of patient with nonspecific myo- 
carditis, 988 

Oxygen, increased efficiency of absorption of 
respired, by patients with hyper- 
thyroidism, 975 


P 


and its variants in Caucasians, Ne- 
groes, and Chinese, 230 
P32 labeled red blood cells, blood volume in 
chronic leucemia as determined by, 
435 
Pancytopenie states, splenectomy in, clinical 
and hematologic results following, 
810 
Para-aminohippurie acid synthesis in free 
anxiety and in thyrotoxicosis, 815 
Para-aminosalicylic acid (PAS) plasma con- 
centrations, effect of Benemid and 
carinamide on, comparison of, 276 
PAS plasma concentrations, effect of Bene- 
mid and earinamide on, compari- 
son of, 276 
Patent ductus arteriosus, reversal of flow in 
clinical studies in, 974 
G, crystalline, two-hour versus 
three-hour administration of, in 
early treatment of syphilis, 759 
prophylaxis of acute rheumatic fever by 
treatment of preceding strepto- 
eoceal infection with various 
amounts of, 859 


P factor 


Penicillin 
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Penicillin—Cont ’d 
successful two-week schedule for subacute 
bacterial endocarditis caused by 
penicillin-sensitive Streptococcus 
viridans, 831 
therapy albumin, and glucose in urine dur- 
ing course of massive, occurrence 
of false positive tests for, 635 
Pergastric intestinal perfusion for uremia, 
849 
Pericardiectomy, results of, in 61 cases of 
chronic cardiac compression, 802 
Peripheral circulation in scleroderma, effect 
of cortisone and ACTH on, 834 
vascular responses in patients with atopic 
dermatitis, 820 
Pernicious anemia, etiologic relationship of 
achylia gastrica to, 942 
follow-up study of 310 cases of, 823 
Photoelectric determination of prothrombin 
time, 473 
study of coagulation of whole blood, method 
for, 819 
Photofluorometric determination of quinidine 
in blood, experiences with, 478 
Photometers, flame, new glass atomizer for, 
763 
Photonephelometrie method for determination 
of sulfates in biologic fluids, 468 
Pipette washer, a simplified, 790 
Pipetting device, syringe as, accuracy, pre- 
cision, and utility of, 494 
radioactive solutions, apparatus for, 146 
Pituitary adrenocorticotrophic hormone, treat- 
ment of chronic liver diseases with, 
822 
Plasma cells, lymphoblasts, and lymphocytes, 
role of immature, in formation 
of antibodies, as established in 
tissue culture experiments, 167 
levels, nine free amino acids in old men 
and women, 259 
‘‘pepsinogen’’ activity as index of gastric 
secretion in various clinical states, 
967 
pH, elevation of, produced by bicarbonate 
administration in dogs, absence of 
respiratory change, manifest tetany 
with, 428 
proteins in ulcerative colitis, electrophoretic 
studies of, 991 
samples for alkaline phosphatase determina- 
tion, source of error in shipment 
and storage of, 650 
storage, homologous serum jaundice and its 
relationship to methods of, 796 
vitamin A level, influence of mineral oil 
ingestion on, 993 
determinations, excretion kinetics 
of the dye T-1824 in relation to, 
599 
Pleura, medical and surgical decortication of, 
in chronic pleural effusions, 827 
Pneumotachograph, direct-writing, 158 
Poliomyelitis virus, antiserum against, effect 
of prolonged storage at 4 to 5° C. 
on neutralizing antibody of, 163 
Polycythemia, cobalt-induced, effect of radio- 
phosphorus on rats with, 800 


volume 











1038 


Polyhexuronic acid ester, anticoagulant prop- 
erties of, comparison of, with 
sodium heparin, 836 
Polymyxins B, D, and E, action of, on En- 
damoeba histolytica, laboratory ob- 
servations on, 741 
Porphyria of ‘‘mixed’’ type, isotopic study 
of ease of, 958 
urinary findings in relation to manifesta- 
tions of, 1002 
Postoperative stress, response of 
equilibrium to, 817 
trauma, micro-stress as an indicator of, 816 


clotting 


Pregnancy, intracardiac catheterization 
studies during, 1007 
megaloblastic anemia of; response to 


pteroylglutamic acid after failure 
of liver extract and vitamin B,,, 
238 
tests, male Amphibia for, limited useful- 
ness of, 127 
Progesterone, thermogenic effect of, quanti- 
tative studies on, 1009 
Protamine titration procedure, modified Allen, 
in determining physiological varia- 
tions of a heparinlike substance, 
968 
Protein hydrolysates and amino acids, effect 
of, on uremic rat, 954 
infusion of, amino acids in plasma and 
urine in hepatitis before and 
after, 735 
metabolism in chronic illness, 604 
Proteins, Bence-Jones, in urine, quantitative 
estimation of, 137 
Prothrombin, one-stage and bedside methods 
for determining, comparison of, 
652 
role of vitamin K in formation of, 976 
time, photoelectric determination of, 473 
Protoveratrine, effects of, on circulation in 
hypertension, 838 
Psoriatic arthritis, effects of cortisone and 
ACTH on, 973 
Pteroylglutamic acid, response of megalo- 
blastic anemia of pregnancy to, 
after failure of liver extract and 
vitamin B,.,, 238 
Pulmonary circulation, bronchiolar muscular 
tone in regulation of, 980 
congestion, role of, in production of edema 
of lungs, observations on, 288 
emphysema, chronic, hematologic adapta- 
tion to anoxemia in, 1004 
function, improvement of, following admin- 
istration of ACTH in chronic 
beryllium poisoning, 840 
tuberculosis, effect of ACTH on, 820 
Pulmonic stenosis and auricular septal de- 
fect, clinical and _ physiologic 
studies of patients with, 831 
Pulse wave in coarctation of aorta, the speed 
of, 842 


Q 


Quinidine in blood, photofiuorometric deter- 
mination of, experiences with, 478 
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Radioactive colloids, localization of, in lymph 
nodes, 440 
iodine, phosphorus, and sodium, use of, in 
determination of cerebral and mus- 
cle clearance, 456 
solutions, pipetting, apparatus for, 146 
Radioiodine in thyrotoxicosis, disappearance 
rate of, 984 
Radioisotopes, beta-emitting, intravenous ad- 
ministration of, a Lucite syringe 
shield for protection against irra- 
diation during, 792 
Radiophosphorus, effect of, on rats with co- 
balt-induced polycythemia, 800 
uptake of, as index of bone marrow func- 
tion in rat, 961 
Red blood cells, human, preservation of spe- 
cific agglutinability of, 378 
normal and trypsinized, cold hemag- 
glutinins against, 801 
cells, trypsinated, practical evaluation of, in 
detecting incomplete antibodies, 
828 
Renal artery clamp, production of chronic 
systemic hypertension in rat with 
a small, 660 
and systemic blood pressure 
changes following administration 
of hydrazinophthalazine, 969 
in patients receiving ACTH and corti- 
sone, studies of, 844 
hypertension, treatment of experimental, 
with renin and with antirenin, 1002 
venous pressure, relationship of elevated, 
to edema formation and _ renal 
clearances of sodium in dogs, 992 
Renin and antirenin, treatment of experi- 
mental renal hypertension with, 
1002 
sensitivity and renin substrate levels in 
adrenalectomized dogs, 729 
Resin, cation, exchange, effect of a new, on 
edematous states and electrolyte 
balance, 808 
Respiratory change, absence of, or manifest 
tetany with elevation of plasma pH 
produced by bicarbonate admin- 
istration in dogs, 428 
diseases, acute, prophylaxis and treatment 
of, with antihistaminic drugs. I. 
Prophylactic treatment of Navy 
male recruits, 555 
II. Prophylactic treatment with ther- 
apeutic dosage in Navy male re- 
eruits, 570 
Treatment of minor 
spiratory infection in 
WAVE recruits, 576 
IV. The prophylaxis and treatment 
of ‘‘colds’’ in volunteers, 584 
symptoms, dramatic, induced by sudden 
withdrawal of ACTH, 843 
Rheumatic fever, acute, prophylaxis of, by 
treatment of preceding strepto- 
coecal infection with various 
amounts of penicillin, 839 
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Rheumatic—Cont’d 
pneumonitis, clinical study of 12 necropsy 
proved cases of, 958 


8 


Saccharated oxide of iron, intravenous admin- 
istration of, in human beings, ob- 
servations on, 422 
Scholander’s apparatus for determination of 
carbon dioxide in blood plasma, 
modifications of, 148 
Scleroderma, peripheral circulation and blood 
pressure in, effect of cortisone and 
ACTH on, 834 
Screw-capped tubes, use of, in diagnostic bac- 
teriology, danger of false results 
from, 134 
Scurvy in monkey, metabolism of tyrosine in 
experimental megaloblastic anemia 
and in, 591 
infantile, tyrosine metabolism in, 640 
Sections, histologic, general method for pre- 
paring, with a water-soluble wax, 
776 
Serodiagnosis of syphilis, rapid test for, 302 
Serum cholinesterase determination in differ- 
ential diagnosis of jaundice, 391 
diastase, daily variation in, 990 
esterified fatty acids with fat tolerance 
tests in diabetes mellitus, 835 
potassium in uremia; report of cases, some 
with paralysis, 719 
sickness, pathogenesis of, using ear cham- 
ber technique, with preliminary 
results of cortisone treatment, 818 
Sex steroids, effect of, on granulation tissue, 


( 

Sheehan’s syndrome, clinical and metabolic 
effects of pituitary adrenocortico- 
trophic and thyrotropic hormones 
on, 987 

Shigella grouping antiserums, 471 

Sickle cell anemia and trait erythrocytes pro- 

duced by variations in O, tension 

and pH, in vitro differences in be- 

havior of, 848 

production of specific anti-sera 

against erythrocytes from patients 

. with, 985 

Skin dispersers, transmission of hemolytic 
streptococcal infections in infant 
wards, with special reference to, 
342 

Smear, vaginal, technique for hemolyzing 
erythrocytes and erythrocytic de- 
bris in the bloody, 766 

Sodium and potassium, effect of, on metabolic 
and physiologic responses to 
ACTH, 978 

tubular reabsorption of, effect of ACTH 
on, 995 

heparin, comparison of anticoagulant prop- 
erties of a polyhexuronic acid ester 

with, 836 
intake, alteration in, vascular responses to 
ACTH, and to, 804 
vectoreardiogram in 

branch block, 795 


Sicklemia, 


right bundle 


Spatial 
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Spleens, lead-shielded, irradiated rats with, 
tracer iron distribution studies in, 
40 
Splenectomy in pancytopenic states, clinical 
and hematologic results following, 
810 
Sprue, nontropical, delayed excretion of water 
in patients with, 1006 
marrow puncture: dilution with 
peripheral blood as determined by 
P32 labeled red blood cells, 23 
Steroids, removal of, from urine, simple con- 
tinuous liquid-liquid extraction ap- 
paratus suitable for, at low tem- 
peratures, 769 
Stomatitis, virus of vesicular, human infec- 
tion with, 754 
Streptococci, group A, effects of cortisone on 
experimental infection with, in 
rabbits, 968 
Streptococcus viridans, _ penicillin-sensitive, 
subacute bacterial endocarditis 
caused by, successful two-week 
penicillin schedule for, 83 
Streptomycin, protection of intracellular Bru- 
cella against, 959 
Sucrose, allergic reactions from ingestion or 
intravenous injection of, 242, 407 
Sugar, beet, allergic reactions from ingestion 
of, 407 
Sulfates in biologie fluids, photonephelometric 
method for determination of, 468 
Sulfhydryl content of blood cells in dysera- 
sias, 929 
Syndrome of normality in interpretation of 
findings in cerebrospinal fluid, 399 
Syphilis, serodiagnosis of, rapid test for, 302 
treatment of early, two-hour versus three- 
hour administration of crystalline 
penicillin G in, 759 
Syringe, accuracy, precision, and utility of 
the, as a pipetting device, 494 


Sternal 


ol 


Terramycin and aureomycin, blood levels of, 
effect of food and antacids on, 
632 
treatment of various infections with, 747 
Thiocyanate space, vascular volumes, and 
total body water, simultaneous 
measurement of, before and after 
removal of edema, 83 
Thiomerin, human cutaneous reactivity to, 
and to other mercurial diuretics, 
a comparative study of, 1 
Thiopental, distribution of, in central nerv- 
ous system, 218 
Thromboplastic plasma component in hemo- 
philia, enzyme studies on, 989 
suspensions, potency variation in rabbit 
lung, 463 
Thrombotic thrombocytopenic purpura, course 
and pathogenesis, 964 
Thyroid, effect of, on granulation tissue, 7 
function, index of, 450 
relationship between bone marrow activ- 
ity and, observations on, 797 











1040 


Thyrotoxicosis, disappearance rate of radio- 
iodine in, 984 
para-aminohippuric acid synthesis in free 
anxiety and in, 815 
Tissue culture experiments, role of immature 
plasma cells, lymphoblasts, and 
lymphocytes in formation of anti- 
bodies, as established in, 167 
extracts, Chloromycetin in, cylinder-plate 
assay for, 154 
granulation, effects of hypophysis, thyroid, 
sex steroids, and the adrenal cor- 
tex upon, 7 
Toxicity, clinical, of aureomycin, 965 
Tracer iron distribution studies in irradiated 
rats with lead-shielded spleens, 40 
Trauma, postoperative, micro-stress as an in- 
dieator of, 816 
Trypsin inhibitor of urine in health and dis- 
ease, 266 
Trypsinated red cells, practical evaluation of, 
in detecting incomplete antibodies, 
828 
Tuberculosis, pulmonary, effect of ACTH on, 
820 
Turbidity test, zinc, and its clinical applica- 
tion, 52 
Typhoid carriers, treatment of, with chloram- 
phenicol, 971 
Tyrosine metabolism in infantile scurvy, 640 
in experimental megaloblastic anemia and 
in scurvy in the monkey, 591 


U 


Uleerative colitis, plasma proteins in, elec- 
trophoretic studies of, 991 
Uremia, pergastric intestinal perfusion for, 
849 
serum potassium in; report of cases, some 
with paralysis, 719 
Uremic rat, effect of protein hydrolysates 
and amino acids on, 954 
Urinary excretion of a choline metabolite in 
normals and in patients with liver 
diseases, 816 
of aureomycin after intravenous and in- 
tramuscular administration, 100 
of 17-ketosteroids and corticosteroids in 
leucemia, 877 
findings in relation to manifestations of 
porphyria, 1002 
formaldehydogenic corticoids; normal values 
and observations in hypertension, 
297 
Urine, albumin and glucose in, during course 
of massive penicillin therapy, oc- 
currence of false positive tests 
for, 635 
Benee-Jones proteins in, quantitative es- 
timation of, 137 
pyridoxine deficiency, cortisone, and mye- 
loid metaplasia factor of human, 
similarity of hematologic effect in 
mice, 1003 
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Urine—Cont ’d 
removal of steroids from, a simple contin- 
uous liquid-liquid extraction ap- 
paratus suitable for, at low tem- 
peratures, 769 
trypsin inhibitor of, in health and disease, 
266 


Vv 


Vaginal smear, bloody, technique for hemo- 
lyzing erythrocytes and erythro- 
cytie debris in, 766 
Vascular responses to ACTH and alteration 
in sodium intake, 804 
volume, calculation of, by intracardiac and 
by intravenous dye injection, 812 
volumes, ‘‘thiocyanate space,’’ and ‘total 
body water,’’ simultaneous meas- 
urement of, before and after re- 
moval of edema, 839 
ballistocardiography, three 
sional, 824 
Venous catheterization for fluid therapy, tech- 
nique and results, 645 
Ventricular aneurysm, diagnosis of, study of 
certain clinical and dynamic fea- 
tures, 847 
aneurysms, unipolar precordial electrocardio- 
grams in, 973 
Vim-Silverman needle, a simple guard for, 
773 


Vector dimen- 


Virus of vesicular stomatitis, human infection 
with, 754 
Viruses of mumps and Neweastle disease, re- 
lationship of complement-fixing 
and antihemagglutinating factors 
against, 369 
Vitamin B,, and folic acid, interrelationship 
of, in baby pig, 537 
concentrate, effect of, upon hepatic in- 
jury produced by carbon tetra- 
chloride, 694 
K defieiency, coagulation defect of, com- 
pared with that caused by Dicu- 
marol, 234 
role of, information of prothrombin, 976 
Voluntary hyperventilation, comparison of ef- 
fect of, in normal persons, patients 
with pulmonary emphysema, and 
patients with cardiac disease, 119 


Ww 
Water bath, a constant-level, boiling, 325 


Water-soluble wax, general method for pre- 
paring histologic sections with, 776 


xX 


X-rays, routine chest, nature of lesions en- 
countered in, 617 


Z 


Zine turbidity test, clinical application, 52 
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An Important Reference Book 





The OFFICIAL PREPARATIONS of PHARMACY 


By CHARLES OREN LEE, Ph.D., Professor of Pharmacy, 


Purdue University School of Pharmacy, 


Lafayette, Indiana. 


528 pages, illustrated. PRICE, $5.50. 


THE purpose of this book is to pre- 
sent the problems of pharmacy and 
chemistry which are involved in 
the manufacture of the official prep- 
arations in an effort to help the be- 
ginner, whether a student in college 
or an apprentice in a modern phar- 
macy. It discusses preparations 
which are official in the United 
States Pharmacopoeia XIII and the 
National Formulary VIII. 

The plan of the book is as follows: 
1. A general discussion of each 
class of the preparations. 2. The 


The C. V. Mosby Co. 


general discussion is followed by a 
list of the preparations in a given 
class, arranged alphabetically ac- 
cording to the official English title. 
3. Comments are given about each 
preparation, including the problems 
of its manufacture and other points 
of information. 


The general discussions include def- 
initions and processes involved in 
the manufacture of the preparations, 
together with some discussion of the 
equipment regarded as useful in the 
making of the products in question. 


- Medical Publishers - St. Louis 3, Mo. 
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Mechanized..Agitation . 
at Optimum Speed and Amplitude. 

The Fisher Klitve-Test Rotator mechanically .agitaétes sam- 
ples ata standatdized rate and amplitude for the»prescribed 
four-minute ‘period. The speed of ‘rotation is much greater 
than that possible manually*but there is no danger of serum 


being thrown from the paraffin rings because the amplitude 
of rotation is much less than that of manual agitation. 


Constant speed and a built in timer eliminate human error, 
and relieve the operator of the tedium of manual rotation. 


The Rotator will also’ be found ‘useful 
for tests such as blood typing ‘and the 
Laughlin test “which require ‘the ‘same 
kind of agitation. The Rotator is: housed 
in a heayy casting with large rubber feet 
to prevent “walking.” Built to operate on 
60 cycle 115 volt. current, it will accom- 
modate five 2" x 3° ‘slides for a total va-’ 
pacity of sixty samples. ; 


Fisher Kiline-Test Rotator... . . $97.00 
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